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Sir: 

This Appeal Brief is submitted in support of the Notice of Appeal filed on 
September 3, 2009, wherein Appellant appeals from the Primary Examiner's final 
rejections of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 set forth in 
his Office Action dated March 4, 2009 ("the March 4, 2009 Office Action") in connection 
with the above-identified application. 1 



1 Appellant's September 3, 2009 Notice of Appeal reinstated an appeal based on the 
previous Notice of Appeal filed on November 28, 2007 (which, in turn, reinstated an appeal 
based on the Notice of Appeal filed on December 22, 2006). In response to Appellant's Appeal 
Brief filed on March 13, 2008 in support of the November 28, 2007 Notice of Appeal, the 
Examiner reopened the prosecution by adding a new ground of rejection based on U.S. Patent No. 
3,811,851 to MacKenzie ("MacKenzie "') in a non-final Office Action of July 11, 2008. In the 
subsequent Supplemental Office Action of August 21, 2008, the Examiner withdrew the claim 
rejection based on U.S. Patent No. 4,450,656 to Lagendijk ("Lagendijk"), which was one of the 
prior art the Examiner relied on in his prior final rejection. As a result of Appellant's Request for 
Reconsideration filed without any claim amendment on November 21, 2008, the Examiner 
ultimately withdrew the newly added ground of rejection based on MacKenzie. However, the 
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Examiner continued to reject all of the pending claims in the Final Office Action mailed on March 
4, 2009 based on combinations of the eight remaining prior art references he had relied on in his 
prior final rejection. Despite Appellant's efforts to explain the patentability of the pending claims 
over the prior art during the personal interview with the Examiner on July 8, 2009, the Examiner 
still maintains the final rejection and suggests that Appellant pursue the appeals process. 
Appellant's September 3, 2009 Notice of Appeal and the present Appeal Brief address the final 
rejections by the Examiner as set forth in his March 4, 2009 Office Action. 
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I. REAL PARTY IN INTEREST 

The party named in the caption of this Appeal Brief, Pedro M. Buarque de 
Macedo, of 6100 Highboro Drive, Bethesda, Maryland 20817, the United States of 
America, is the real party in interest. 

II. RELATED APPEALS AND INTERFERENCES 

U.S. Patent Application Serial No. 11/607,412 ("the '412 Application") is a 
divisional patent application claiming priority to the subject application. The '412 
Application has been pending before the same Examiner as the subject application. In 
the '412 Application, a final rejection was issued on September 15, 2008, and the 
applicant filed a Notice of Appeal on February 17, 2009, and filed his appeal brief on 
September 17, 2009. Subsequently, the Examiner issued the Examiner's Answer to the 
appeal brief by the applicant on December 30, 2009, maintaining the final rejection of 
the pending claims in the '412 Application. In response, the applicant filed a reply brief 
on February 26, 2010, rebutting the Examiner's Answer and his final rejection of the 
pending claims in the '412 Application. As of this writing, the appeal of the final 
rejection of the pending claims of the '412 Application remains pending before the Board 
of Patent Appeals and Interferences. 
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III. STATUS OF THE CLAIMS 

Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 are currently 
pending in the subject application. All of these claims stand rejected under a final 
rejection which issued on March 4, 2009, and are the subject of the present appeal. 

Claims 2-4, 6-12, 15-22, 24-26, 28, 32-36, 38-41, 48-50 and 60-62 have been 
canceled and are not on this Appeal. Claims 6-12, 15-22, 28, 32-36 and 38-41 were 
withdrawn in the March 18, 2005 Amendment in response to the Examiner's restriction 
requirement. Subsequently, Appellant canceled without prejudice the above withdrawn 
claims as well as Claims 2-4, 24-26, 48-50 and 60-62 in the June 26, 2006 Amendment, 
specifically reserving the right to pursue the claims of comparable scope in future 
applications. 

On December 1, 2006, Appellant filed the '412 Application, as a divisional 
application, to pursue some of the canceled claims or claims comparable in scope 
thereto. As of this writing, the appeal of the final rejection of the pending claims in the 
'412 Application remains pending before the Board of Patent Appeals and Interferences. 

Attached hereto as Claims Appendix is a clean copy of Claims 1, 5, 13, 14, 23, 27, 
29-31, 37, 42-47, 51-59 and 63-66 involved in this Appeal. 2 



2 CLAIMS APPENDIX to this Appeal Brief includes the pending claims under final rejection 
as last amended by the Amendment Pursuant to 37 C.F.R. § 41.33(a) filed by Appellant on 
January 17, 2008, before the Examiner subsequently reopened the prosecution and then 
Appellant reinstated an appeal. The January 17, 2008 Amendment was intended to, inter alia, 
correct a minor informality in Claim 53 which was identified by the Examiner in the August 24, 
2007 Office Action. The Examiner's Advisory Action mailed on February 14, 2008 indicated that 
this amendment would be entered for the purpose of appeal. No further claim amendment has 
been made since then. 
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IV. STATUS OF AMENDMENTS 

No amendment has been filed subsequent to the March 4, 2009 final rejection. 

V. SUMMARY OF CLAIMED SUBJECT MATTER 

The claimed subject matter of the present application as set forth in the claims on 
this Appeal is directed to prestressed, strong foam glass tiles that can be used as building 
materials in construction. The present invention using prestressing technique applies a 
substantial amount of prestress compression (e.g., 4,000 pounds per square inch (psi) or 
greater) to further strengthen very strong foam glass tiles which already have a 
compression strength unattainable by prior art foam glass (e.g., 10,000 psi or greater). 

Such strong foam glass tiles which are capable of having a high compression 
strength are disclosed in U.S. patent application Serial No. 10/625,071 ("the '071 
Application"), which is another commonly owned patent application filed by Appellant 
on the same day as the present application and which has been incorporated by 
reference in its entirety into the present application. See Application, par. [0026] (as 
amended by Amendment dated October 19, 2005); see also Declaration Under 37 C.F.R. 
§ 1.132 dated May 1, 2007 ("the Declaration of Dr. Macedo," Evidence App. 10), pars. 
19, 25 & 26. 3 The '071 Application discloses novel strong foam glass tiles having small 
pore sizes with, inter alia, a compression strength of over 10,000 psi. The pending 
claims of the '071 Application were allowed by the U.S. Patent Office and the '071 



3 A copy of Declaration of Dr. Macedo is included as Exhibit 10 in EVIDENCE APPENDIX to 
this Appeal Brief. 
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Application issued as U.S. Patent No. 7,311,965 B2 on December 25, 2007. 4 A 
continuation of the '071 Application, U.S. patent application Serial No. 11/728,667 (filed 
March 27, 2007), is currently pending in the U.S. Patent Office. 

The present invention is directed to prestressing such strong foam glass tiles 
having a compression strength in excess of 10,000 psi prior to prestress compression to 
attain a prestress compression in excess of 4,000 psi. Among the unexpected results of 
practicing the claimed invention is that, for example, the traditional building materials 
such as reinforced or prestressed concrete could be replaced by the prestressed foam 
glass tiles which are stronger, but lighter, and more durable under various conditions 
including extreme weather conditions. 

In light of the ever-present danger of terrorist attacks, there has always been the 
need and desire to develop building materials that are capable of withstanding the shock 
waves and other destructive effects of a bomb explosion or the like. See Application, par. 
[0002] . 5 However, the traditional building materials such as reinforced concrete or 
prestressed concrete have various shortcomings as noted by the present application. See 
Application, par. [0003]. For example, while the prestressed concrete has many 
advantages over the reinforced counterpart and has been used when stronger materials 
are desired, the prestressing of concrete requires complex support structure. In addition, 

4 After the '965 Patent issued, Appellant was awarded Inventor of the Year for his work 
with foam glass materials by the New York Intellectual Property Law Association in May 2008. 
See Annual Meeting and Dinner May 21, 2008, NYIPLA Bulletin, Nov./Dec. 2008, at 17 
(http://www.nyipla.org/Bulletin/NovDec2008.pdf). 

5 The Application paragraph numbers cited in this Appeal Brief correspond to the 
paragraph numbers appearing in the subject application as originally filed. 
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the likely presence of water in the prestressed concrete tends to weaken the prestressed 
concrete structure under various conditions. See id. On the other hand, while the use of 
conventional foam glass as a construction material has been known, its typical use as a 
high temperature insulator requires minimization of its density and weight, which does 
not make it suitable for absorbing the sufficient amount of energy from the shock wave 
from a bomb explosion, or resisting an earthquake or wind/heat loading. See 
Application, pars. [0004] -[0012]. Accordingly, there is a need and desire for a building 
material which has the benefit of the added strength of the prestressed concrete while 
having a less weight and requiring less support structure, i.e., without having the 
shortcomings of the prestressed concrete. See id., par. [0003]. 

The prestressed foam glass tiles as claimed in the present application are capable 
of absorbing a substantial portion of the blast energy from a shock wave of an explosion. 
See Application, par. [0029] . In addition, the prestressed foam glass tiles of the present 
invention are heat insulating and fire proof and capable of withstanding high 
temperature, wind loading and other mechanical forces resulting from an explosion. See 
Application, pars. [0022] & [0032]. Accordingly, these prestressed foam glass tiles may 
be used on interior or exterior surfaces of buildings that are at risk of exposure to 
explosions or other types of terrorist attacks. See Application, pars. [0029] & [0032]. 

The claimed subject matter as set forth in independent Claims 1, 23, 42 and 54 on 
this Appeal are briefly summarized as follows: 
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A. Independent Claim 1 

For independent Claim 1, the claimed subject matter is a prestressed foam glass 
tile which had a compression strength of 10,000 psi or greater prior to being in the 
prestressed condition, and has been prestressed by 4,000 psi or greater. 

Examples 5-7 described in TABLE 1 and paragraph [0052] of the present 
application disclose the foam glass tile having a compression strength of 10,000 psi or 
greater prior to being in the prestressed condition. Paragraphs [0023] and [0063]- 
[0066] of the present application support prestressing such foam glass tiles, using a 
prestress compression of 4,000 psi or greater. 

B. Independent Claim 23 

For independent Claim 23, the claimed subject matter is a prestressed assembly 
for use in buildings or other structures comprising (1) at least one prestressed foam glass 
tile with a prestress compression of 4,000 psi or greater, which had a compression 
strength of 10,000 psi or greater prior to being in the prestressed condition; (2) at least 
two metal beams; and (3) one or more tension members. In the claimed prestressed 
assembly, the prestressed foam glass tile is placed between the two metal beams and 
held in compression of at least 4,000 psi by the tension members. 

As discussed in connection with the claimed subject matter for independent Claim 
1, Examples 5-7 described in TABLE 1 and paragraph [0052] of the present application 
disclose the foam glass tile having a compression strength of 10,000 psi or greater prior 
to being in the prestressed condition. Paragraphs [0023] and [0063] -[0066] of the 
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present application support prestressing such foam glass tiles, using a prestress 
compression of 4,000 psi or greater. 

An exemplary embodiment of the claimed subject matter is illustrated in FIG. 1 of 
the present application. FIG. 1 shows a prestressed assembly 10 comprising a 
prestressed foam glass tile 12 placed between two steel beams 26 which are bolted 
together and held in compression by two tension bolts 18 acting as tension members. 
See Application, pars. [0035] & [0053]. FIG. 2 shows another alternative embodiment 
for the claimed prestressed assembly 10A, comprising, inter alia, multiple foam glass tiles 
12A, 12B, 12C held between steel beams 26. See Application, par. [0047]. 

C. Independent Claim 42 

For independent Claim 42, the claimed subject matter is a prestressed foam glass 
tile with a prestress compression of 4,000 psi or greater and an average pore size of 1.0 
mm or less, as measured based on the distance between two farthest points of the pore 
surface. Examples 1-7 described in TABLE 1 and paragraph [0052] of the present 
application disclose the foam glass tile having an average pore size (or characteristic 
length) of 1.0 mm or less (incorporating by reference Examples 3-9 of TABLE 3 & par. 
[0028] of U.S. Patent No. 7,311,965 B2). Paragraphs [0023] and [0063]-[0066] of the 
present application support prestressing such foam glass tiles, using a prestress 
compression of 4,000 psi or greater. 

D. Independent Claim 54 

For independent Claim 54, the claimed subject matter is a prestressed assembly 
for use in buildings or other structures comprising (1) at least one prestressed foam glass 
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tile with a prestress compression of 4,000 psi or greater and an average pore size of 1.0 
mm or less, as measured based on the distance between two farthest points of the pore 
surface; (2) at least two metal beams; and (3) one or more tension members. In the 
claimed prestressed assembly, the prestressed foam glass tile is placed between the two 
metal beams and held in compression of at least 4,000 psi by the tension members. 

As discussed above in connection with the claimed subject matter for independent 
Claim 42, Examples 1-7 described in TABLE 1 and paragraph [0052] of the present 
application disclose the foam glass tile having an average pore size (or characteristic 
length) of 1.0 mm or less (incorporating by reference Examples 3-9 of TABLE 3 & par. 
[0028] of U.S. Patent No. 7,311,965 B2). Paragraphs [0023] and [0063]-[0066] of the 
present application support prestressing such foam glass tiles, using a prestress 
compression of 4,000 psi or greater. 

An exemplary embodiment of the claimed subject matter is illustrated in FIG. 1 of 
the present application. FIG. 1 shows a prestressed assembly 10 comprising a 
prestressed foam glass tile 12 placed between two steel beams 26 which are bolted 
together and held in compression by two tension bolts 18 acting as tension members. 
See Application, pars. [0035] & [0053]. FIG. 2 shows another alternative embodiment 
for the claimed prestressed assembly 10A, comprising, inter alia, multiple foam glass tiles 
12A, 12B, 12C held between steel beams 26. See Application, par. [0047]. 
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VI. GROUNDS OF REJECTION TO BE REVIEWED ON APPEAL 6 

A. Rejection of Claims 1, 5, 13, 14, 23, 27, 
29-31, 37, 42-47, 51-59 and 63-66 ("The 
First Rejection") 

Whether Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 are 

unpatentable under 35 U.S.C. § 103(a) over 

• U.S. Patent No. 4,324,037 to Grady, II ("Grady," Evidence App. 1) 
in view of 

• U.S. Patent No. 3,292,316 to Zeinetz ("Zeinetz," Evidence App. 3) 
when considering either 

• U.S. Patent No. 4,124,365 to Williams et al. ("Williams et al.," Evidence App. 
4), or 

• U.S. Patent No. 3,056,184 to Blaha ("Blaha," Evidence App. 5), 
and further considering any of 

• U.S. Patent No. 3,459,565 to Jones et al. ("Jones et al," Evidence App. 6), 

• U.S. Patent No. 3,592,619 to Elmer et al. ("Elmer et al.," Evidence App. 7), 
and 

• U.S. Patent No. 2,758,937 to Ford ("Ford," Evidence App. 8). 
See March 4, 2009 Office Action at 2-4. 

B. Rejection of Claims 1, 5, 13, 14, 42-47, and 51-53 ("The Second 
Rejection") 

Whether Claims 1, 5, 13, 14, 42-47 and 51-53 are unpatentable under 35 U.S.C. § 
103(a) over 

• U.S. Patent No. 3,430,397 to Ellis ("Ellis," Evidence App. 2) 
in view of 

• Zeinetz 

6 A copy of each of the prior art references relied upon by the Examiner as to the grounds 
of the final rejection in the March 4, 2009 Final Office Action is included in the EVIDENCE 
APPENDIX to this Appeal Brief. 
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when considering either 

• Williams et al., or 

• Blaha, 

and further considering any of 

• Jones et al., 

• Elmer et al., and 

• Ford. 

See March 4, 2009 Office Action at 5-7. 

The Examiner in the context of this rejection substitutes Ellis for Grady, and 

utilizes the remaining prior art in the same manner as discussed with respect to the first 

ground of rejection. Once again, the Examiner recognizes that "Ellis does not present the 

tile units 12 as made of a foamed glass." March 4, 2009 Office Action, at 5. 

C. Rejection of Claims 23, 27, 29-31, 37, 54-59 and 63-66 ("The 
Third Rejection") 

Whether Claims 23, 27, 29-31, 37, 54-59 and 63-66 are unpatentable under 35 

U.S.C. § 103(a) over 

• Ellis 
in view of 

• Zeinetz 
when considering either 

• Williams et al.; or 

• Blaha 

and further considering any of 

• Jones et al., 

• Elmer et al., and 

• Ford 
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as applied to Claims 1, 5, 13, 14, 42-47 and 51-53, and further in view of 

• Grady. 
See March 4, 2009 Office Action at 7-8. 

The Examiner in the context of his last rejection uses all of the above prior art in 

the same manner as discussed above. 
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VII. ARGUMENT 

A. Summary of Argument 

The pending claims at issue on appeal are directed to a novel and non-obvious 
prestressed foam glass tile (e.g., Claims 1 and 42) or prestressed assemblies comprised of 
such foam glass tiles (e.g., Claims 23 and 54) using very strong foam glass tiles. The 
present invention is enabled by using strong "foam glass tiles" taught in the '071 
Application which was filed on the same day as the present application, incorporated by 
reference into the present application, and owned by the same Applicant. 

Each of the pending claims requires that the claimed foam glass tiles not only be 
comprised of "foam glass," but also have a "prestressed compression of 4,000 psi 
or greater." (See Claims 1, 23, 42, and 54, and their respective dependent claims). 
(Dependent claims 5, 27, 51, and 63 require an even greater prestressed compression 
strength). The only cited prior art that the Examiner contends which purportedly 
teaches prestressing "foam glass tile" is Zeinetz (Evid. App. 3), which even the 
Examiner does not contend teaches prestressing such tiles by 4,000 psi or greater. As 
discussed in Section VII. B., Appellant disputes that one of ordinary skill in the art 
reading Zeinetz would understand it to teach prestressing foam glass tiles at all, let alone 
by the claimed amount. 

Independent Claims 1 and 23 (and their respective dependent claims) also require 
that the claimed foam glass tiles have "a compression strength of 10,000 psi or 
greater prior to being in a prestressed condition." Once again, none of the 
cited prior art teaches a "foam glass tile" which is capable of compression strength of 
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10,000 psi or greater as claimed. At best, the Examiner cites to Williams et al., which 
issued in 1978, and Blaha which issued in 1962, as evidence that it would be obvious 
that one of ordinary skill in the art could make "foam glass tiles" that are strong enough 
to be prestressed in accordance with the claims. As discussed in Section VII. C, Applicant 
disputes that either of these references would enable one of ordinary skill in the art to 
make a foam glass tile with the claimed compression strength, let alone a foam glass tile 
which is also capable of being prestressed. Appellant also respectfully submits that the 
Examiner's efforts to combine Williams et al. and/or Blaha with Zeinetz is misplaced and 
not properly supported by the record. 

Independent Claims 42 and 54 (and their respective dependent claims) require, in 
addition to prestressed foam glass tiles which are compressed 4,000 psi or greater, that 
the foam glass tiles have "an average pore size of 1.0 mm or less, wherein said 
average pore size is measured based on the distance between two farthest 
points of pore surface." (Dependent claims 43-47 and 55-59 require an even 
smaller average pore size). While the Examiner cites to Jones et al, Elmer et al. and 
Ford as each disclosing "foam glass components . . . with a pore size of from 0.1 mm to 
0.8mm or smaller," even the Examiner does not contend that any of these materials 
produce a foam glass tile which is strong enough to be prestressed under a prestress 
compression of 4,000 psi or greater. As discussed in Section VII. D., while the claimed 
small pore size may be a necessary condition to make a strong enough foam glass tile as 
taught in the present application, it is not sufficient. Thus, Appellant also respectfully 
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submits that the Examiner's efforts to combine Jones et al., Elmer et al. and Ford with 

Zeinetz is again misplaced and not properly supported by the record. 

For each of these independent reasons, as discussed herein, Appellant respectfully 

submits that the Examiner's rejections of the pending claims should be overturned, and 

each of the pending claims on appeal should be allowed. 

B. Each of the First, Second, and Third Rejections of 
the Pending Claims As Being Unpatentable Over 
Prior Art Under 35 U.S.C. § 103(a) Should Be 
Reversed Because Either Individually Or In 
Combination, the Prior Art Does Not Teach or 
Suggest Prestressing a Foam Glass Tile By 4,000 
psi or Greater 

All of the pending claims on this Appeal in the subject application, i.e., Claims 1, 
5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66, require, inter alia, a "prestressed 
foam glass tile" having "a prestress compression of 4,000 psi or greater" for 

the claimed prestressed foam glass tile. Each of the Examiner's First, Second and Third 
Rejections relies upon Zeinetz to purportedly show prestressing of foam glass tiles. 

Appellant respectfully submits, as further explained below, that the Examiner's 
rejections of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 should be 
overturned since: 

• None of the cited prior art teaches or suggests a prestressed foam glass tile having 
any amount of prestress compression, let alone the claimed range of prestress 
compression. See infra Section VII.B.l. 

• None of the cited prior art shows any reasonable expectation of success for 
obtaining the claimed range of prestress compression. See infra Section VII. B. 2. 

• None of the cited prior art enables the claimed range of prestress compression. 
See infra Section VII.B.3. 
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1. Prior Art Does Not Teach or Suggest the Claimed Range 
of Prestress Compression 

To judge the patentability of a claim against prior art, all claim limitations must 

be considered. See MPEP § 2143.03. In particular, as a prerequisite to a proper 

obviousness analysis under 35 U.S.C. § 103, each and every claim limitation must be 

found to exist in the combination of the prior art references. See Abbott Labs. v. Sandoz, 

Inc., 500 F. Supp. 2d 846, 852 (N.D. 111. 2007), ajfd, 544 F.3d 1341, 1351 (Fed. Cir. 

2008) ("Prior to the issuance of the KSR opinion, Federal Circuit precedent taught that 

all the claim limitations of the invention at issue must be found to exist in the prior art 

references before it could be determined whether there was a teaching, motivation, or 

suggestion to combine those limitations. . . . The KSR opinion ... did not mention or 

affect the requirement that each and every claim limitation be found present in the 

combination of the prior art references before the analysis proceeds."). However, as 

shown below, none of the prior art references relied upon by the Examiner-Grady, Ellis, 

Zeinetz, Williams et al., Blaha, Jones et al., Elmer et al., and Ford-teaches or even 

suggests, either individually or in combination, a prestressed foam glass tile having any 

amount of prestress compression, let alone the limitation of "a prestress compression of 

4,000 psi or greater" recited in the rejected claims. See Declaration of Dr. Macedo, 

pars. 5-14. 7 Based on the foregoing reason alone, each of the Examiner's final rejections 

should be reversed, and all the pending claims allowed. 



7 Declaration Under 37 C.F.R. § 1.132 ("the Declaration of Dr. Macedo," Evidence App. 10) 
by Appellant and the inventor, Dr. Pedro M. Buarque de Macedo, was submitted to the Examiner 
on May 2, 2007, as part of the response to the September 11, 2006 Office Action. As noted 
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In each of the three rejections advanced by the Examiner, the only reference 

which he contends teaches prestressing foam glass tiles in any amount is Zeinetz. 8 

Specifically, the Examiner states: 

However, Zeinetz teaches utilization of foamed glass tiles or 
blocks within a tensioned structural arrangement, col. 3, line 
73 to col. 4, line 4. Fig. 1 1 of Zeinetz, for example, shows 
tension bolts 36, 39 holding foamed glass tiles, col. 4, lines 5- 
9, in place. 

(March 4, 2009 Office Action, at 2). The Examiner further states in response to 

Appellant's arguments: 

. . . Zeinetz necessarily discloses foamed glass tiles/blocks in 
a prestressed arrangement with the tension bolts serving to 
hold the foamed glass blocks of Zeinetz in compression. The 
application of stretching member 38 tensions the bolts, thus 
placing compression upon the tiles/blocks of Zeinetz. 

(Id. at 9). 

Zeinetz is directed to a roof structure of the cupola or shell type, as shown in 
FIGS. 1 and 2 of Zeinetz. In an effort to combine with other references to obtain a foam 
glass tile under prestress compression, the Examiner contends, without much 
elaboration, that "Zeinetz necessarily discloses foamed glass tiles/blocks in a prestressed 
arrangement with the tension bolts serving to hold the foamed glass blocks of Zeinetz in 
compression." March 4, 2009 Office Action, at 9. However, contrary to the 



above, a copy of the Declaration of Dr. Macedo is included in the EVIDENCE APPENDIX 10 to 
this Appeal Brief. 

8 While in the First and Third Rejections, the Examiner cites Grady II and in the Second 
and Third Rejections, the Examiner cites Ellis to show prestressing of other materials, the 
Examiner recognizes that neither Grady II nor Ellis teach prestressing "foam glass" tiles: 

• "Grady II does not present the tiles 82 as made of a foamed glass" (March 4, 2009 
Office Action at 2); and 

• "Ellis does not present the tile units 12 as made of a foamed glass." (Id. at 5). 
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Examiner's contention, Zeinetz does not teach or even suggest prestressing 
of a foam glass tile under any amount ofprestress compression. See 

Declaration of Dr. Macedo, par. 7. 

To support his position that Zeinetz discloses prestressing of a foam glass 
material, the Examiner points to tension bars 36, 39 in FIG. 11 of Zeinetz and asserts 
that these tension members hold foam glass tiles, citing Col. 4, lines 5-9 of the Patent. 
See March 4, 2009 Office Action at 2. However, contrary to the Examiner's 
assertion, FIG. 11 of Zeinetz does not teach or suggest the prestressing of a 
foam glass tile under any amount ofprestress compression. See Declaration of 
Dr. Macedo, par. 8. 

In conjunction with FIG. 5, Zeinetz teaches that the seam 19, 119, 21 and 121 is 
adapted to fit the abutting lateral edge portions of adjacent roof elements (e.g., al, a2, 
b2, cl, c2, and d in FIG. 5). See Zeinetz, Col. 3, lines 1-7. FIG. 11 illustrates the section 
of FIG. 5 along the line B--B and represents "coupling means" for abutting roof elements. 
Id., Col. 2, lines 4-6 (emphasis added). In fact, Zeinetz explicitly describes the tension 
bars 36 and 39 in FIG. 11 as "a locking means for use in connection with a U-shaped or 
tubular seam 19e, 119e, 21e and 121e." Id., Col. 3, line 73 - Col. 4, line 4. In other 
words, the tension bars 36 and 39 in FIG. 11 are merely coupling or connecting means in 
conjunction with the U-shaped/tubular seam 19, 119, 21, 121 to keep adjacent roof 
elements together. Nowhere in Zeinetz is there any teaching or suggestion that the 
tension bars 36, 39 in FIG. 1 1 pointed out by the Examiner are the means for 
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prestressing foam glass tiles, let alone providing prestress compression of 4,000 psi or 
greater. See Declaration of Dr. Macedo, par. 8. 

It is also noted that Zeinetz teaches that the rows of interengaging profiles 19, 
119, 21, 121 which keep each roof element in wedged engagement with the adjacent 
elements may render possible the "prestressing of the shell of the cupola." Zeinetz, Col. 
3, lines 7-17. As evidenced by the Declaration of Dr. Macedo, it would be clear to a 
person of ordinary skill in the art that such "prestressing of the shell of the cupola" only 
refers to providing a structural support to a dome by keeping all the roofing elements 
together in wedged engagement, hence "self-supporting roof as the title of Zeinetz 
states. As understood by a person of ordinary skill in the art, this is 
different from the prestressing applied to foam glass tiles to further 
strengthen them in accordance with the present invention. See Declaration of 
Dr. Macedo, par. 9; see abo EDWARD G. NAVVY, PRESTRESSED CONCRETE: A 
FUNDAMENTAL APPROACH 8-10 (1989) 9 ("the Nawy Reference," Evidence App. 9) 
(defining prestressing as used in the present application). Furthermore, such person 
would also understand that the wedged engagement with neighboring elements as 
shown in Zeinetz cannot possibly provide a prestress compression of 4,000 psi or greater. 
See Declaration of Dr. Macedo, par. 9. Therefore, Zeinetz does not teach, or even 
suggest at all, the prestressing of a foam glass tile under a prestress compression of 4,000 
psi or greater as required by the claims on this Appeal. 

9 A copy of the relevant portions of the Nawy Reference is included in the EVIDENCE 
APPENDIX 9 to this Appeal Brief. 
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Moreover, Zeinetz teaches a litany of roofing materials that could be used, 
including glass, wood, synthetic plastic, concrete, porous concrete, foamed plastic, 
foamed glass, cardboard, sheet metal, wool, cork and fiber board. See Zeinetz, Col. 4, 
lines 5-20. These materials are used in a multi-layer structure where each layer is for a 
different purpose such as a "moisture-insulating layer" consisting of a "heat insulating 
layer," a "load sustaining layer" and a "sound absorbing layer." See Zeinetz, Col. 4, lines 
8-15. The kind of layer that "foamed glass" may be used for is not taught. However, the 
load sustaining layer, which is the layer that would potentially be under compression, "is 
made of concrete, for example." Id., Col. 4, line 14. There is no teaching or 
suggestion that the load sustaining layer could be made of prestressed 
foam glass tiles, let alone foam glass tiles having a prestress compression 
of 4,000 psi or greater. See Declaration of Dr. Macedo, par. 10. 

Based on the foregoing reason alone, the Examiner has not established a prima 
facie case of obviousness of Claims 1, 5, 13, 14, 23, 27, 29-31, 37 and 42-47, 51-59 and 
63-66 over the above-cited prior art under 35 U.S.C. § 103(a). Accordingly, Appellant is 
entitled to reversal of all of the Examiner's final rejections and allowance of all of the 
pending claims on this Appeal over the cited prior art. See In re Oetiker, 977 F.2d 1443, 
1445 (Fed. Cir. 1992) ("If examination at the initial stage does not produce a prima facie 
case of unpatentability, then without more the applicant is entitled to grant of the 
patent."). 
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2. Prior Art Shows No Reasonable Expectation of Success 
for Obtaining the Claimed Range of Prestress 
Compression 

Another reason why the Examiner fails to establish a prima facie case of 
obviousness with respect to the rejected claims is that none of the prior art references 
relied upon by the Examiner, either individually or in combination, shows that there 
would be a reasonable expectation of success for a person of ordinary skill in the art to 
achieve the claimed invention based on the alleged prior art combinations. Evidence 
showing that there was no reasonable expectation of success may support a conclusion of 
non-obviousness. See MPEP § 2143.02; see also In re Vaeck, 947 F.2d 488, 493 (Fed. Cir. 
1991); Amgen, Inc. v. Chugai Pharm. Co., 927 F.2d 1200, 1207-08 (Fed. Cir. 1991); In re 
Rinehart, 531 F.2d 1048, 1053-54 (C.C.P.A. 1976). 

In support of the final rejection, the Examiner further contends that "[ajpplying a 
pre-compressive force of from 1,000 to 5,000 psi to the resulting assembled foam glass 
units, thus affording as much recovery from the effects of a greater degree of overload, 
would have constituted a further obvious expedient to one having ordinary skill in the 
art at the time the invention was made." March 4, 2009 Office Action at 3-4. However, 
the Examiner's contention must fail in view of the evidence showing that there was no 
reasonable expectation of success by a person of ordinary skill in the art for obtaining a 
prestressed foam glass tile having a prestress compression of 4,000 psi or greater based 
on the prior art combinations relied upon by the Examiner. As evidenced by Declaration 
of Dr. Macedo and addressed in the previous section of this Appeal Brief, neither Zeinetz 
nor any other prior art reference relied upon by the Examiner discloses or even suggests 
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the prestressing of a foam glass tile under any amount of a prestress compression, let 
alone a prestress compression within the claimed range of 4,000 psi or greater. 
Furthermore, the Examiner failed to show any foam glass tile materials which could be 
used to be prestressed under 4,000 psi or greater. In the absence of any teaching of 
prestressing of a foam glass tile, a person of ordinary skill in the art would not be 
reasonably expected to succeed in obtaining the subject matter of the rejected claims, 
including a prestressed foam glass tile under a prestress compression of 4,000 psi or 
greater, merely on the basis of the prior art relied upon by the Examiner. 

To support the final rejections, the Examiner also refers to his prior Response to 
Arguments set forth in the August 24, 2007 Office Action wherein the Examiner 
contended that "[f]act that claimed combination of elements was 'obvious to try' might 
show that such combination was obvious under 35 U.S.C. 103," citing KSR Int'l Co. v. 
Teleflexlnc, 82 U.S.P.Q.2d (BNA) 1385 (U.S. 2007). See March 4, 2009 Office Action at 
12; August 24, 2007 Office Action at 12. To reject a claim based on such "obvious to try" 
rationale, the Examiner must articulate the following findings: 

(1) a finding that at the time of the invention, there 
had been a recognized problem or need in the art, which may 
include a design need or market pressure to solve a problem; 

(2) a finding that there had been a finite number of 
identified, predictable potential solutions to the recognized 
need or problem; 

(3) a finding that one of ordinary skill in the art could 
have pursued the known potential solutions with a 
reasonable expectation of success ; and 

(4) whatever additional findings based on the Graham 
factual inquiries may be necessary, in view of the facts of the 
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case under consideration, to explain a conclusion of 
obviousness. 

MPEP 2143.E. (emphasis added); see also KSR, 82 U.S.P.Q.2d at 1397 (holding that the 

fact that a combination was obvious to try might show that it was obvious under 35 

U.S.C. § 103 if, inter alia, a person of ordinary skill pursuing the known options within 

his or her technical grasp is led to the anticipated success). 

However, the Examiner of the subject application fails to explain or justify such 

"obvious to try" rationale in the March 3, 2009 Office Action or in any other prior Office 

Actions. Other than merely reciting the general guideline for supporting the "obvious to 

try" rationale set forth by the Supreme Court in KSR, the Examiner never articulated any 

of the necessary findings to support such rationale. Even assuming arguendo that the 

Examiner somehow articulated his findings that at the time of the invention, there had 

been a recognized problem or need in the art and that there had been a finite number of 

identified, predictable potential solutions to such problem or need, for which Appellant 

contends the Examiner never established any sufficient support, the Examiner failed to 

articulate a finding as to how a person of ordinary skill in the art could have pursued, 

with a reasonable expectation of success, the allegedly known potential solutions 

disclosed in the prior art to obtain the claimed foam glass tile having a prestress 

compression of 4,000 psi or greater. The Examiner could not, since, as Appellant 

showed in the previous paragraphs, no reasonable expectation of success can be found 

from Zeinetz or any other prior art, as they do not teach or suggest any amount of 

prestress compression for the claimed foam glass tile. The Examiner has also failed to 

show any foam glass tile materials which could be used to be prestressed under 4,000 psi 
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or greater. Since the finding of a reasonable expectation of success cannot be made, the 
Examiner's "obvious to try" rationale cannot be used to support his conclusion that the 
claims under final rejection would have been obvious to one of ordinary skill in the art. 
See KSR Guidelines, 72 Fed. Reg. at 57,532; MPEP § 2143.E. 

Based on at least the foregoing reasons, the Examiner failed to establish a prima 
facie case of obviousness of Claims 1, 5, 13, 14, 23, 27, 29-31, 37 and 42-47, 51-59 and 
63-66 over the above-cited prior art under 35 U.S.C. § 103(a). Accordingly, Appellant is 
entitled to reversal of all of the Examiner's final rejections and allowance of all of the 
pending claims on this Appeal over the cited prior art. See In re Oetiker, 977 F.2d at 
1445. 

3. Prior Art Also Does Not Enable the Claimed Range of 
Prestress Compression 

Furthermore, to render an invention unpatentable for obviousness, the prior art 

must enable one of ordinary skill in the art to make and use the invention. See KSR, 82 

U.S.P.Q.2d at 1396 ("[I]f a technique has been used to improve one device, and a person 

of ordinary skill in the art would recognize that it would improve similar devices in the 

same way, using the technique is obvious unless its actual application is beyond 

his or her skill." (emphasis added)); In re Kumar, 418 F.3d 1361, 1368 (Fed. Cir. 

2005) ("[W]hen a prima facie case of obviousness is deemed made based on similarity to 

a known composition or device, rebuttal may take the form of evidence that the prior art 

does not enable the claimed subject matter."); id. at 1369 ("To render a later invention 

unpatentable for obviousness, the prior art must enable a person of ordinary skill in the 

field to make and use the later invention."); see also In re Payne, 606 F.2d 303, 314-15 
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(C.C.P.A. 1979) ("[T]he presumption of obviousness based on close structural similarity 
is overcome where the prior art does not disclose or render obvious a method for making 
the claimed compound.")- 

However, neither Zeinetz nor any other prior art relied upon by the Examiner 
provides any disclosure or cite any supporting reference that would enable one of 
ordinary skill in the art to prestress a foam glass tile under any amount of prestress 
compression, let alone the claimed range of 4,000 psi or greater. Accordingly, even if a 
prima facie case of obviousness was deemed made based on the prior art combinations 
relied upon by the Examiner, which Appellant contends it cannot, such prima facie case 
is rebutted by the evidence showing that none of the prior art references relied upon by 
the Examiner teaches or suggests the claimed range of prestress compression for a 
prestressed foam glass tile. See Declaration of Dr. Macedo, pars. 5-14. 

Accordingly, based on the foregoing reason alone, the final rejections of Claims 1, 

5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 by the Examiner are in error and 

should be reversed. 

C. Each of the First, Second and Third Rejections of 
the Claims Having the Compression Strength 
Limitation As Being Unpatentable Over Prior Art 
Under 35 U.S.C. § 103(a) Should Be Reversed 
Because Either Individually Or In Combination, the 
Prior Art Does Not Teach or Suggest a Foam Glass 
Tile Having a Compression Strength of 10,000 psi 
or Greater Prior To Prestress Compression 

In addition to the prestress compression limitation discussed in Section VII. B. 

above, each of Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 on this Appeal also requires, 

inter alia, "a compression strength of 10,000 psi or greater prior to being in a 
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prestressed condition" for the claimed prestressed foam glass tile. In each of the 
First, Second and Third Rejections, the Examiner cites to Williams et al., which issued in 
1978, and Blaha '184 Patent which issued in 1962, as evidence that it would be obvious 
that one of ordinary skill in the art could make "foam glass tiles" that are strong enough 
to be prestressed in accordance with the claims. 

Appellant respectfully submits, as further explained below, that the Examiner's 
rejections of Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 should be overturned since: 

• None of the cited prior art teaches or suggests the claimed range of compression 
strength. See infra Section VII.C.l. 

• There is no apparent reason to combine the cited prior art to obtain a foam glass 
tile that is strong enough for the claimed range of prestress compression. See 
infra Section VII.C.2. 

• Rather, the cited prior art disclosing compression strength below the claimed 
range teaches away from the claimed range of prestress compression. See infra 
Section VII.C.3. 

• None of the cited prior art enables the claimed range of compression strength. 
See infra Section VII.C.4. 

1. Prior Art Also Does Not Teach or Suggest the Claimed 
Range of Compression Strength 

In each of the three rejections advanced by the Examiner, the only prior art 

references he relies on for disclosing the necessary compression strength are Williams et 

al. and Blaha. Specifically, the Examiner states: 

And, each of Williams et al, as at col. 1, lines 35-43, and 
Blaha, as at col. 3, lines 24-35, teach utilization of foamed 
glass tiles or blocks possessing a compressive strength in 
excess of 1200 psi with Williams et al. teaching a 
compressive strength on the order of 5,000 to 8,000 psi with 
each of Williams et al. and Blaha disclosing use of the foam 
glass as a structural member sufficiently strong for structural 
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purposes within the building industry, col. 1, lines 19-22 of 
Williams et al. and col. 1, lines 10-28 of Blaha. 

(March 4, 2009 Office Action at 3). However, the Examiner's position is again 

erroneous, as neither Williams et ah, nor Blaha teaches or suggests a foam 

glass tile having a compression strength within the claimed range of 10,000 

psi or greater. See Declaration of Dr. Macedo, pars. 15-18 & 21-23. 

Significantly, there is no dispute that neither Williams et al, nor Blaha, nor any 
other prior art relied upon by the Examiner discloses the claimed range of compression 
strength. Rather, as the basis of his obviousness conclusion, the Examiner merely points 
to the portions of Williams et al. and Blaha disclosing the ranges of compression strength 
that do not overlap with, nor do they come close to, the claimed range of 10,000 psi or 
greater as required by the rejected claims. See March 4, 2009 Office Action at 3. 

More specifically, the Examiner points to the following portion of Williams et al: 
"Such a material should be readily available, easily formed in lengths up to 100 feet, be 
able to withstand a stress of 5,000-8,000 psi . . ." Williams et al., Col. 1, lines 36-38 
(emphasis added). Even assuming arguendo that Williams et al. teaches how such 
compression strength can be achieved, which Appellant contends it cannot, see infra 
Section VII.C.4., this disclosed range still falls short of and does not overlap at all with 
the claimed range of compression strength of a foam glass tile starting from 10,000 psi 
and higher as required by the rejected claims. This difference in compression strength is 
substantial. See Declaration of Dr. Macedo, par. 16. Furthermore, as further explained 
below in Section VII. C. 2., Williams et al. is directed to an elongate hollow cylindrical 
structure, see Williams et al., Col. 1, lines 14-25 and FIG. 3, and it does not disclose any 
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foam glass tile having 5,000-8,000 psi, let alone the claimed range of 10,000 psi or 
greater. Accordingly, the Examiner's reliance on Williams et al. to support his 
obviousness conclusion is misplaced. 

The Examiner also points to a portion in Blaha disclosing a slab of cellular, 
agglomerated material having a compression strength "in excess of 1200 pounds per 
square inch." Blaha, Col. 3, lines 26-28. The compression strength of 1,200 psi as 
disclosed by Blaha falls far short of 10,000 psi, the lower end of the claimed range of 
compression strength required by the rejected claims. To overcome this apparent 
deficiency, the Examiner further relies on a vague statement of objective taken from a 
different portion of Blaha that the cellular material is to be "sufficiently strong to be used 
for structural purposes." Blaha '184 Patent, Col. 1, lines 27-28; see also March 4, 2009 
Office Action at 3. However, such open-ended statement alone, without any adequate 
enabling disclosure, cannot enable, or provide any apparent reason to motivate, a person 
of ordinary skill in the art to achieve, with a reasonable expectation of success, the 
dramatic increase in compression strength of a foam glass tile from a mere 1,200 psi as 
disclosed by Blaha to over 10,000 psi required by the rejected claims. See Declaration of 
Dr. Macedo, par. 18. Rather, such statement would teach away the skilled person from 
reaching beyond 1,200 psi to achieve a compression strength within the claimed range of 
10,000 psi or greater. 

Moreover, this statement does not teach that the resulting material can or should 
be prestressed. If anything, it teaches that prestressing would be unnecessary. Simply 
put, Blaha does not teach or suggest at all a foam glass tile having a compression 
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strength within the claimed range of 10,000 psi or greater, let alone a prestressed 
foam glass tile with the claimed compression strength and prestress compression. 
Accordingly, the Examiner's reliance on Blaha to support his obviousness conclusion is 
likewise misplaced. 

As a prerequisite to a proper obviousness analysis under 35 U.S.C. § 103, each 
and every claim limitation must be found to exist in the combination of the prior art 
references. See Abbott Labs. v. Sandoz, Inc., 500 F. Supp. 2d at 852. However, as shown 
above, neither Williams et al. nor Blaha teaches or suggests "a compression strength of 
10,000 psi or greater prior to being in a prestressed condition" for the claimed 
prestressed foam glass tile. Based on the foregoing reason alone, the Examiner failed to 
establish a prima facie case of obviousness of Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 
over the prior art under 35 U.S.C. § 103(a), and as such, Appellant is entitled to reversal 
of the Examiner's final rejections and allowance of those claims. See In re Oetiker, 977 
F.2d at 1445. 

2. There Is No Apparent Reason To Combine the Teachings 
of the Cited Prior Art To Obtain the Claimed Ranges of 
Compression Strength and Prestress Compression 

Further, there is no apparent reason to combine the teaching of Williams et al. 

and/or Blaha with that of Zeinetz to obtain the claimed prestressed foam glass tiles, 

since neither Williams et al. nor Blaha discloses sufficiently strong foam glass materials 

having a high enough compression strength for a prestress compression of 4,000 psi or 

greater. 



44%69. I 



28 



In re Application of Pedro M. Buarque de Macedo 
Application No. 10/625,102 

Specifically, Williams et al. discloses a continuous process for the manufacture of 
cellular ceramic products in the form of elongate hollow cylindrical members. See 
Williams et al., Col. 1, lines 14-19. However, Williams et al. does not disclose "foam 
glass tiles," let alone "prestressed foam glass tiles" as required by the present claims. 
Indeed, the following portion of Williams et al. cited by the Examiner in support of his 
position, see March 4, 2009 Office Action at 3, is the evidence: "In such form, the 
foamed glass product can be used as a structural member in a number of industries 
including the housing industry as a bearing member . . . ." Williams et al., Col. 1, lines 
19-22 (emphasis added). However, "such form" in the cited portion of Williams et al. 
refers to a "foamed glass" produced "in the form of elongate members, more particularly 
in the form of hollow elongate cylinders" as recited in the sentence in Williams et al. 
just before the cited portion, not as tiles. Hence, it is clear that Williams et al. is 
directed to an elongate structure of foam glass rather than foam glass tiles as in the 
present invention. 

In fact, the description of the preferred embodiment of Williams et al. is directed 
to production of foam glass in the form of hollow elongate cylinders so that it can be 
used as conduit such as sewer pipe, telephone pole, or power line. See Williams et al., 
Col. 1, lines 14-25 & FIG. 3. However, a person of ordinary skill in the art would 
understand that, unlike in the case of foam glass tiles, prestressing of these foam glass 
hollow elongate cylinders (which are to be used as conduit, telephone poles, etc.) would 
not be desirable, nor is it technically feasible or economical. Accordingly, a person of 
ordinary skill in the art would not find any apparent reason or motivation to apply 
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prestressing to a foam glass product described in Williams et al., but would rather be 
taught away from doing so. See Declaration of Dr. Macedo, par. 17. This is one more 
reason why the Examiner's reliance on Williams et al. is misplaced. Moreover, there is 
no reason why anyone skilled in the art would turn to the teachings in Williams et al. on 
how to make foam glass elongated cylinders to allegedly apply "prestressing" when 
considering the roofing materials disclosed in Zeinetz relied upon by the Examiner. 

Likewise, a person of ordinary skill in the art would not find any apparent reason 
or motivation to apply prestressing to a foam glass product described in Blaha since it 
does not disclose or suggest foam glass materials that are strong enough for subsequent 
prestress compression of 4,000 psi or greater. Cf. Declaration of Dr. Macedo, par. 18. 

In addition, Zeinetz teaches the use of foamed glass only within the context of a 
"moldable material." See Zeinitz, Col. 4, lines 5-8. However, neither Williams et al. nor 
Blaha teaches a moldable material. Rather, those references are primarily associated 
with extruded materials. Thus, one of ordinary skill in the art would not look to 
Williams et al. or Blaha for a suitable "moldable material" for use with the structure 
disclosed in Zeinitz. There is also no teaching or suggestion in either Williams et al. or 
Blaha regarding how a "moldable material" foam glass tile can be formed which can be 
used in a copola-like structure as provided in Zeinetz which could be strong enough to 
be prestressed to 4,000 psi or greater. Nor is there any indication or suggestion that if 
the foam glass products of Williams et al. or Blaha are made by moldable materials, 
instead of extruded materials, they could achieve the claimed compression strength of 
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10,000 psi or greater and are suitable for a prestress compression of 4,000 psi or greater. 
Cf. Declaration of Dr. Macedo, pars. 17 and 22. 

The Examiner never explicitly articulated any rationale for combining Williams et 
al. or Blaha with Zeinetz, even though the Supreme Court in KSR noted that the analysis 
supporting an obviousness rejection should be made explicit. See MPEP § 2143. In fact, 
as discussed above, there exists no apparent reason why a person of ordinary skill in the 
art would combine the teaching of Williams et al. and/or Blaha with that of Zeinetz to 
obtain the claimed prestressed foam glass tiles. Based on at least the foregoing reason, 
the Examiner's reliance on Williams et al. and Blaha to establish a prima facie case of 
obviousness with respect to Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 is misplaced. 
Hence, the Examiner's final rejections of those claims are in error and should be 
reversed. 

3. Prior Art Disclosing Compression Strength Below the 
Claimed Range Teaches Away from the Claimed Range of 
Prestress Compression 

To support obviousness rejections based on prior art combination, the Examiner 

must articulate, inter alia, "a finding that one of ordinary skill in the art would have 

recognized that the results of the combination were predictable." KSR Guidelines, 72 

Fed. Reg. at 57,529 (emphasis added); MPEP § 2143 (A); see also KSR, 82 U.S.P.Q.2d at 

1396 ("[A] court must ask whether the improvement is more than the predictable use 

of prior art elements according to their established functions." (emphasis added)). 

However, no such finding was made by the Examiner in the March 4, 2009 Office Action, 

despite his reliance on extensive combinations of no less than seven references. In fact, 
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as shown below, the range of compression strength of foam glass product disclosed by 
Williams et al. or Blaha relied upon by the Examiner would teach away a person of 
ordinary skill in the art from prestressing the foam glass product under a prestress 
compression of 4,000 psi or greater, a limitation in all of the claims in this Appeal. 
Hence, no person of ordinary skill in the art could have recognized that the results of the 
combination were predictable. 

As evidenced by the Declaration of Dr. Macedo, it is well known to those skilled in 
the art of prestresssing that by prestressing a product, the resulting compression strength 
of the prestressed product will decrease by the prestress amount while the resulting 
tension strength will increase by the same amount. It is also well understood by those 
skilled in the art that it is desirable to achieve the optimum amount of prestress level by 
making the tension strength comparable to the compression strength as the result of 
prestressing. In other words, the optimum prestress level is one half of the difference 
between the compression strength and the tension strength under non-prestressed 
condition. See Declaration of Dr. Macedo, par. 20; see also generally EDWARD G. NAWY, 
PRESTRESSED CONCRETE: A FUNDAMENTAL APPROACH 8-13 (1989) (Evidence App. 
9). Based on these principles, the optimum prestress level for the foam glass tiles 
described in TABLE 1 of the present application is calculated to be approximately 44% of 
the compression strength of the foam glass tile prior to being in the prestressed condition. 
For example, for a foam glass tile having a compression strength of 10,000 psi prior to 
being in a prestressed condition, the corresponding optimum prestress compression is 
approximately 4,400 psi; for the one having a compressional strength of 12,500 psi prior 
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to being in a prestressed condition, the corresponding optimum prestress compression is 
approximately 5,500 psi, etc. See Declaration of Dr. Macedo, par. 20. 

There is no dispute that none of the compression strength ranges disclosed by 
Williams et al. and Blaha relied upon by the Examiner reaches anywhere near 10,000 
psi. At best, the maximum compression strength disclosed by the prior art relied upon by 
the Examiner is 8,000 psi, which is casually mentioned by Williams et al. without any 
enabling disclosure, for an elongated tube, not a foam glass tile. 10 Based on the 
principles discussed above, for a foam glass tile having the maximum disclosed 
compression strength of 8,000 psi, a person of ordinary skill in the art would desire to 
achieve the optimum prestress compression of about 44% of 8,000 psi, or about 3,500 
psi, which is less than the claimed range of 4,000 psi or greater. See Declaration of Dr. 
Macedo, par. 21. 

Accordingly, even if Williams et al. is deemed to be providing an enabling 
disclosure for a person of ordinary skill in the art to achieve a foam glass tile having a 
compression strength of up to 8,000 psi, which Appellant contends that it does not for 
the reasons discussed in the next section, such person still would be taught away from 
applying a prestress compression of 4,000 psi or greater to this foam glass tile since that 
would deviate from the optimum prestress compression level as understood by those 
skilled in the art. Such person would instead apply a prestress compression of at most 
3,500 psi or less, corresponding to the optimum prestress compression for the ranges of 



10 This difference in structure leads to different geometries which affect the relative strength 
of the resulting materials. See Declaration of Dr. Macedo, pars. 17 & 22. 
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foam glass compression strength disclosed by the prior art relied upon by the Examiner. 
See Declaration of Dr. Macedo, par. 21. The fact that the prior art relied upon by the 
Examiner provides no apparent reason for the alleged prior art combinations, but rather 
teaches away from them further supports Appellant's position that the elements of the 
claimed invention set forth in the claims work together in an unexpected and fruitful 
manner and are therefore not obvious over the prior art. See KSR, 82 U.S.P.Q.2d at 
1395-96. 

There is no apparent reason to combine the prior art because the prior art relied 
upon by the Examiner teaches away from the combination to obtain the claimed 
invention. "[W]hen the prior art teaches away from combining certain known elements, 
discovery of a successful means of combining them is more likely to be non-obvious. . . . 
The fact that the elements worked together in an unexpected and fruitful manner 
supported the conclusion that [the claimed invention] was not obvious to those skilled in 
the art." KSRInt'l Co. Teleflex Inc. , 82 U.S.P.Q.2d (BNA) 1385, 1395 (U.S. 2007). Even 
when there is a presumption of obviousness based on a claimed invention that falls 
within a range disclosed by the prior art, such presumption can be rebutted if the prior 
art teaches away from the claimed invention, or if there are new and unexpected results 
relative to the prior art. See Iron Grip Barbell Co. v. USA Sports, Inc., 392 F.3d 1317, 
1322 (Fed. Cir. 2004); see also MPEP § 2144.05 (III). 

Based on at least the foregoing reason, the Examiner failed to establish a prima 
facie case of obviousness with respect to Claims 1, 5, 13, 14, 23, 27, 29-31 and 37. Even 
if a prima facie case of obviousness was deemed made based on the ranges of foam glass 
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compression strength disclosed by Williams et al. or Blaha, which Appellant contends it 

cannot, such prima facie case is rebutted by the evidence showing that the prior art 

ranges of compression strength would teach away those skilled in the art from applying a 

prestress compression of 4,000 psi or greater to a foam glass tile to achieve the claimed 

invention. Hence, the Examiner's final rejections of Claims 1, 5, 13, 14, 23, 27, 29-31 

and 37 over prior art are in error and should be reversed. 

4. Prior Art Also Does Not Enable the Claimed Range of 
Compression Strength 

To render an invention unpatentable for obviousness, the prior art must enable 

one of ordinary skill in the art to make and use the invention. See KSR, 82 U.S.P.Q.2d at 

1396 ("[I]f a technique has been used to improve one device, and a person of ordinary 

skill in the art would recognize that it would improve similar devices in the same way, 

using the technique is obvious unless its actual application is beyond his or her 

skill" (emphasis added)); In re Kumar, 418 F.3d 1361, 1368 (Fed. Cir. 2005) ("[W]hen 

a prima facie case of obviousness is deemed made based on similarity to a known 

composition or device, rebuttal may take the form of evidence that the prior art does not 

enable the claimed subject matter."); id. at 1369 ("To render a later invention 

unpatentable for obviousness, the prior art must enable a person of ordinary skill in the 

field to make and use the later invention."); see abo In re Payne, 606 F.2d 303, 314-15 

(C.C.P.A. 1979) ("[T]he presumption of obviousness based on close structural similarity 

is overcome where the prior art does not disclose or render obvious a method for making 

the claimed compound."). However, as explained below, neither Williams et al. nor 

Blaha enables the claimed range of compression strength set forth in the rejected claims. 
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Williams et al. does not provide any disclosure or cite to any supporting reference 
that would enable a person of ordinary skill in the art to achieve a foam glass tile 
having a compression strength of 10,000 psi or greater as required by the rejected 
claims. In fact, Williams et al. does not even provide an enabling disclosure for making 
the elongated tube having a length of up to 100 feet that can possess a compression 
strength of up to 8,000 psi, which it casually mentions. See Williams et al., Col. 1, lines 
14-25 and 36-38. As evidenced by the Declaration of Dr. Macedo, such feat would be 
considered impossible even with today's foam glass technology, let alone in 1978, the 
issue date of Williams et al.. See Declaration of Dr. Macedo, par. 22. 

Such claim by Williams et al. would appear inconsistent with its later description 
of elongate foamed ceramic products made under the process it teaches. See Declaration 
of Dr. Macedo, par. 23. The elongate foamed ceramic product described by Williams et 
al. has a cellular structure of closed, elongate bubbles with a diameter ranging from 0.01 
mm to 1 cm and a length ranging from 2 mm to 5 cm. See Williams '365 Patent, Col. 2, 
lines 19-33. As evidenced by the Declaration of Dr. Macedo, while a small pore size by 
itself may not be a sufficient condition for a strong foam glass product, it is a necessary 
condition and a foam glass product having largest bubbles reaching 1 cm and 5 cm in 
diameter and length, respectively, can never achieve a compression strength as high as 
8,000 psi, let alone the claimed compression strength of 10,000 psi or greater, which is 
sufficiently strong for the purpose of prestress compression within the claimed range. 
See Declaration of Dr. Macedo, par. 23. It is also noted that none of the examples 
described by Williams et al. has an average pore size less than 1.0 mm. See, e.g., 
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Williams et al., Col. 6, lines 62-63 and Col. 8, lines 5-6. While none of the examples in 
Williams et al. provides any compression strength data, a person of ordinary skill in the 
art would understand that in view of the bubble sizes reported by Williams et al., none of 
the examples described in Williams et al. can achieve a compression strength within the 
claimed range of 10,000 psi or greater. See Declaration of Dr. Macedo, par. 23. In fact, 
by teaching a foamed ceramic product having large bubbles, Williams et al. teaches away 
from making a strong foam glass product suitable for the range of prestress compression 
required by the present invention. 

Despite the dubiousness of such feat of achieving a compression strength of up to 
8,000 psi, if it would have been possible at all, Williams et al. is silent on how to go 
about achieving it. Nowhere in the description of six examples by Williams et al. is there 
any indication of a reasonable expectation of success of such feat. See Declaration of Dr. 
Macedo, par. 22. When Williams et al. does not enable those skilled in the art to 
reproduce what the Examiner claims it discloses, namely a foam glass product having a 
compression strength of 8,000 psi, certainly it would not enable such person to make a 
foam glass tile having an even greater compression strength of 10,000 psi or greater. 

Likewise, despite its claim of a slab of cellular material having a compression 
strength "in excess of 1,200 psi, nowhere in Blaha is there any disclosure that would 
enable a person of ordinary skill in the art to produce a foam glass tile having a 
compression strength of even 2,000 psi or 3,000 psi, let alone 10,000 psi or greater as 
required by the rejected claims. In fact, the density of the strongest cellular material 
disclosed in Blaha, 42 pounds per cubic feet (PCF), is still far too low to achieve the 
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claimed range of compression strength required by the present invention. Compare 
Blaha '184 Patent, Col. 3, lines 24-28 (disclosing the maximum density of 42 PCF), with 
Application, TABLE 1, Examples 5-7 (disclosing the density of 62 PCF or greater). By 
teaching a low-density cellular material, Blaha in fact teaches away from making a 
strong foam glass product suitable for the range of prestress compression required by the 
present invention. 

In summary, even if a prima facie case of obviousness was deemed made with 

respect to Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 based on, inter alia, the ranges of 

foam glass compression strength allegedly disclosed by Williams et al. or Blaha, which 

Appellant contends it cannot, such prima facie case is rebutted by the evidence that 

neither Williams et al. nor Blaha enables a person of ordinary skill in the art to produce a 

foam glass tile having a compression strength within the claimed range of 10,000 psi or 

greater as required by the rejected claims. Based on at least the foregoing reasons, the 

Examiner's final rejections of Claims 1, 5, 13, 14, 23, 27, 29-31 and 37 over prior art are 

in error and should be reversed. 

D. Each of the First, Second and Third Rejections of 
the Claims Having the Average Pore Size Limitation 
As Being Unpatentable Over Prior Art Under 35 
U.S.C. § 103(a) Should Be Reversed Because Either 
Individually Or In Combination, the Prior Art Does 
Not Teach or Suggest a Foam Glass Tile Having an 
Average Pore Size of 1.0 mm or Less That Is Strong 
Enough For a Prestress Compression of 4,000 psi 
or Greater 

In addition to the prestress compression limitation discussed in Section VII. B. 
above, each of Claims 42-47, 51-59 and 63-66 also requires, inter alia, "an average 
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pore size of 1.0 mm or less, wherein said average pore size is measured 
based on the distance between two farthest points of pore surface," for the 

claimed prestressed foam glass tile. In each of the First, Second and Third Rejections, 
the Examiner cites to Jones et al., Elmer et al. and Ford as each disclosing "manufacture 
of foam glass components . . . with a pore size of less than 1mm including a pore size of 
from 0.1mm to 0.8mm or smaller." (March 4, 2009 Office Action, at 3). 

Appellant respectfully submits, as further explained below, that the Examiner's 
rejections of Claims 42-47, 51-59 and 63-66 should be overturned since: 

• Neither Jones et al., nor Elmer et al., nor Ford discloses foam glass materials with 
an average pore size of 1.0 mm or less that are strong enough to be prestressed 
under the claimed range of 4,000 psi or greater. See infra Section VII.D.l. 

• Hence, there is no apparent reason to combine Jones et al., Elmer et al., and/ or 
Ford with Zeinetz to obtain the claimed ranges of prestress compression and 
average pore size. See infra Section VII.D.2. 

1. None of the Prior Art Discloses Foam Glass Materials 
With an Average Pore Size of 1.0 mm or Less That Are 
Strong Enough For a Prestress Compression of 4,000 psi 
or Greater 

While the Examiner cites to Jones et al., Elmer et al. and Ford as each disclosing 

as each disclosing "manufacture of foam glass components . . . with a pore size of less 

than 1mm including a pore size of from 0.1mm to 0.8mm or smaller," he does not 

contend that any of these materials can produce a foam glass tile which is strong enough 

to be prestressed under a prestress compression of 4,000 psi or greater. (March 4, 2009 

Office Action, at 3). At best, Jones et al., Elmer et al. and Ford teach that small pores 

can exist in foam glass materials. However, unlike the claimed invention, neither Jones 

et al., nor Elmer et al., nor Ford teaches or even suggests that the disclosed pore sizes 
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lead to a foam glass tile having a sufficiently high compression strength for the purpose 
of prestress compression of 4,000 psi or greater, or how to make such tiles. See 
Declaration of Dr. Macedo, pars. 24-27. In fact, none of the prior art references 
relied upon by the Examiner, either individually or in combination, teaches 
or even suggests that foam glass tiles made with small pore sizes in an 
appropriate manner can also have the prestress strengths claimed by the 
rejected claims. 

While the claimed small pore size may be a necessary condition to make a strong 
enough foam glass tile as taught in the present application, it is not a sufficient 
condition. Even if its average pore size is small, the foam glass material may still have a 
low compression strength if the pores are dense and highly interconnected. See 
Declaration of Dr. Macedo, par. 25. In fact, Jones et al. is directed to a low-density 
foamable granule product having, for example, 18% open cells indicating a high degree 
of interconnectedness and a small compression strength of 129.6 psi. See Jones et al., 
Col. 8, lines 72-75. Elmer et al. also focuses on "interconnecting pores" as the defining 
characteristics of its high-silica glass foam. Elmer et al., Col. 2, line 7. Likewise, Ford is 
directed to a cellulated glass product having the specific gravity of 0.14 to 0.18, Ford, 
Col. 3, lines 22-24, which corresponds to a low density of 9 to 12 PCF. Hence, despite 
having small pore sizes, none of the foam glass materials described in Jones et al., Elmer 
et al. and Ford is strong enough for the purpose of prestress compression of 4,000 psi or 
greater. See Declaration of Dr. Macedo, par. 25. 
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2. There Is No Apparent Reason to Combine the Prior Art to 
Obtain the Claimed Ranges of Prestress Compression 
and Average Pore Size 

Since the foam glass materials described in Jones et al, Elmer et al., and Ford are 
not strong enough for the purpose of prestress compression of 4,000 psi or greater, those 
references do not provide any apparent reason or motivation for those skilled in the art 
to combine their teachings with that of Zeinetz or any other prior art to apply a prestress 
compression of 4,000 psi or greater to a foam glass tile. 

The Supreme Court in KSR Int'l Co. v. Teleflex Inc. , 82 U.S.P.Q.2d (BNA) 1385 

(U.S. 2007) noted that "it can be important to identify a reason that would have 

prompted a person of ordinary skill in the relevant field to combine the elements in the 

way the claimed new invention does." Id. at 1396. While warning against applying as 

rigid and mandatory formulas, the Supreme Court found that this is a "helpful insight." 

Id. The Court in KSR further held that an explicit analysis for determining whether there 

is an apparent reason for prior art combinations should be made: 

Often, it will be necessary for a court to look to interrelated 
teachings of multiple patents, the effects of demands known 
to the design community or present in the marketplace; and 
the background knowledge possessed by a person having 
ordinary skill in the art, all in order to determine whether 
there was an apparent reason to combine the 
known elements in the fashion claimed by the patent at 
issue. To facilitate review, this analysis should be made 
explicit. 

Id. at 1396 (emphasis added); see also In reKahn, 441 F.3d 977, 988 (Fed. Cir. 2006) 
("[R] ejections on obviousness grounds cannot be sustained by mere conclusory 
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statements; instead there must be some articulated reasoning with some rational 
underpinning to support the legal conclusion of obviousness."). 

However, as explained above, there exists no apparent reason to combine 
any of these prior art references with other cited prior art to obtain a 
prestressed foam glass tile having, inter alia, both a prestress compression 
of 4,000 psi or greater and an average pore size of 1.0 mm or less. Nowhere 
in Jones et al., Elmer et al., or Ford, or any other prior art relied upon by the Examiner is 
there any explicit or even implicit reason or motivation for combining their teachings 
with other prior art to render the claimed ranges of both prestress compression and pore 
size obvious. 

In view of the absence of any apparent reason for combining Jones et al, Elmer et 
al, and/or Ford with Zeinetz or other prior art to obtain the claimed invention of the 
rejected claims, the Examiner once again failed to establish a prima facie case of 
obviousness of Claims 42-47, 51-59 and 63-66. See KSR, 82 U.S.P.Q.2d at 1396; In re 
Rouffet, 149 F.3d 1350, 1357-58 (Fed. Cir. 1998) ("Because the Board did not explain 
the specific understanding or principle within the knowledge of a skilled artisan that 
would motivate one with no knowledge of [the] invention to make the combination, this 
court infers that the examiner selected these references with the assistance of hindsight. 
This court forbids the use of hindsight in the selection of references that comprise the 
case of obviousness."). 
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Accordingly, Appellant is entitled to reversal of the Examiner's final rejections and 
allowance of Claims 42-47, 51-59 and 63-66 on this Appeal over the cited prior art. See 
In re Oetiker, 977 F.2d at 1445. 
VIII. CONCLUSION 

For the reasons advanced above, Appellant respectfully submits that Claims 1, 5, 

13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 are, as a matter of law, patentable 

over Grady, Ellis, Zeinetz, Williams et al., Blaha, Jones et al., Elmer et al. and Ford, 

either individually or in any combination thereof, and that all of the Examiner's final 

rejections of those Claims (i.e., First, Second and Third Rejections) on this Appeal as set 

forth in the March 4, 2009 Office Action are in error. Accordingly, Appellant respectfully 

requests reversal of the final rejections from which this Appeal was taken and allowance 

of Claims 1, 5, 13, 14, 23, 27, 29-31, 37, 42-47, 51-59 and 63-66 over the prior art. 

Respectfully submitted, 

AMSTER, ROTHSTEIN & EBENSTEIN LLP 
Attorneys for Appellant 
90 Park Avenue 
New York, NY 10016 
(212) 336-8000 



Dated: New York, New York By: /Charles R. Macedo/ 

March 1, 2010 Charles R. Macedo 

Registration No.: 32,781 

Of Counsel: 

Anthony F. Lo Cicero, Esq. (Reg. No. 29,403) 
Benjamin M. Halpern, Esq. (Reg. No. 46,494) 
Jung S. Hahm, Esq. (Reg. No. 48,333) 
AMSTER, ROTHSTEIN & EBENSTEIN LLP 
90 Park Avenue 
New York, NY 10016 
(212) 336-8000 
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CLAIMS APPENDIX 

This Appendix contains a copy of the claims involved in this Appeal: 

1. A prestressed foam glass tile wherein said tile has a compression strength 

of 10,000 psi or greater prior to being in a prestressed condition and a prestress 

compression of 4,000 psi or greater. 

5. The prestressed foam glass tile of claim 1, wherein said prestress 

compression is 5000 psi or greater. 

13. The prestressed foam glass tile of claim 1, wherein a tension member is 
under tension outside of said prestressed foam glass tile to provide said prestress 
compression. 

14. The prestressed foam glass tile of claim 13, wherein said tension member-is 
comprised of a tension bolt. 

23. A prestressed assembly for use in buildings or other structures comprising: 
at least one prestressed foam glass tile, having a compression strength of 

10,000 psi or greater prior to being in a prestressed condition and a prestress 

compression of 4,000 psi or greater; 

at least two metal beams; and 
one or more tension members 

wherein said at least one prestressed foam glass tile is placed between said 
at least two metal beams and held in compression of at least 4,000 psi by said one or 
more tension members. 

27. The prestressed assembly of claim 23, wherein said prestress compression 
of said at least one prestressed foam glass tile is 5000 psi or greater. 
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29. The prestressed assembly of claim 23, wherein said assembly is a column in 
a building. 

30. The prestressed assembly of claim 23, wherein said metal beams are 
comprised of steel. 

31. The prestressed assembly of claim 23, wherein said one or more tension 
members are comprised of tension bolts. 

37. The prestressed assembly of claim 23, wherein said one or more tension 
members are not within said at least one prestressed foam glass tile. 

42. A prestressed foam glass tile wherein said tile has a prestress compression 
of 4,000 psi or greater and an average pore size of 1.0 mm or less, wherein said average 
pore size is measured based on the distance between two farthest points of pore surface. 

43. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.7 mm or less. 

44. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.6 mm or less. 

45. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.5 mm or less. 

46. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.4 mm or less. 

47. The prestressed foam glass tile of Claim 42, wherein said average pore size 
is 0.3 mm or less. 

51. The prestressed foam glass tile of Claim 42, wherein said prestress 
compression is 5000 psi or greater. 
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52. The prestressed foam glass tile of Claim 42, wherein a tension member is 
under tension outside of said prestressed foam glass tile to provide said prestress 
compression. 

53. The prestressed foam glass tile of Claim 52, wherein said tension member 
is comprised of a tension bolt. 

54. A prestressed assembly for use in buildings or other structures comprising: 
at least one prestressed foam glass tile, having a prestress compression of 

4,000 psi or greater, and an average pore size of 1.0 mm or less, wherein said average 
pore size is measured based on the distance between two farthest points of pore surface; 

at least two metal beams; and 

one or more tension members 

wherein said at least one prestressed foam glass tile is placed between said 
at least two metal beams and held in compression of at least 4,000 psi by said one or 
more tension members. 

55. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.7 mm or less. 

56. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.6 mm or less. 

57. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.5 mm or less. 

58. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.4 mm or less. 
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59. The prestressed assembly of Claim 54, wherein said average pore size of 
said at least one prestressed foam glass tiles is 0.3 mm or less. 

63. The prestressed assembly of Claim 54, wherein said prestress compression 
of said at least one prestressed foam glass tile is 5000 psi or greater. 

64. The prestressed assembly of Claim 54, wherein said metal beams are 
comprised of steel. 

65. The prestressed assembly of Claim 54, wherein said one or more tension 
members are comprised of tension bolts. 

66. The prestressed assembly of Claim 54, wherein said one or more tension 
members are not within said at least one prestressed foam glass tile. 
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EVIDENCE APPENDIX 

This Appendix contains copies of the prior art references (1-8) relied upon by the 
Primary Examiner as to the grounds of the final rejection of the Claims on this Appeal. 

This Appendix also contains a copy of the reference (9) which has been entered in 
the record by the Primary Examiner and cited by Appellant in this Appeal Brief. A copy 
of this reference was submitted by Appellant to the U.S. Patent Office along with the 
Supplemental Information Disclosure Statement dated October 19, 2005. The record 
indicates that it was considered by the Examiner in December 2005. 

In addition, this Appendix includes a copy of the Declaration Under 37 C.F.R. § 
1.132 (10) by Appellant and the inventor of the subject application, Dr. Pedro M. 
Buarque de Macedo, which was submitted to the U.S. Patent Office on May 2, 2007 as 
part of Appellant's response to the September 11, 2006 Office Action. 

1. U.S. Patent No. 4,324,037 to Grady, II 

2. U.S. Patent No. 3,430,397 to Ellis 

3. U.S. Patent No. 3,292,316 to Zeinetz 

4. U.S. Patent No. 4,124,365 to Williams et al. 

5. U.S. Patent No. 3,056,184 to Blaha 

6. U.S. Patent No. 3,459,565 to Jones et al. 

7. U.S. Patent No. 3,592,619 to Elmer et al. 

8. U.S. Patent No. 2,758,937 to Ford 

9. EDWARD G. NAWY, PRESTRESSED CONCRETE: A FUNDAMENTAL 
APPROACH 8-13 (1989) 

10. Appellant's Declaration Under 37 C.F.R. § 1.132 dated May 1, 2007 
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RELATED PROCEEDINGS APPENDIX 



None 
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[57] ABSTRACT 
A building structural unit and its method of construc- 
tion is disclosed. Additionally provided is a method for 
the building of structural arrays with a plurality of the 
structural units. The structural unit of the present inven- 



tion provides an inner structural core portion having 
provided attached to the outer surface thereof load-dis- 
tributing surfaces. Suitable attachment means can be 
provided in order to facilitate connection of a plurality 
of the individual units together forming a structural 
array such as a wall, slab, ceiling, column, or the like. 
The structural units can be fastened together by means 
of tension members such as for example threaded rods, 
with each individual unit being provided with bores 
therethrough through which the tension members or 
rods can pass. Bolted or like connections at the tension 
member ends bear upon the provided load distributing 
surface to complete the desired mating of the individual 
units. A method for connecting the units together in 
order to form the desired structural array allows each 
unit to be completely self supported structurally upon 
its connection to the previous unit or to the formed 
array itself. A first embodiment provides a substantially 
rectangular shaped structural unit, useful in wall con- 
struction (FIGS. 2 and 3); a second embodiment pro- 
vides a diagonally interfacing unit, useful in the con- 
struction of slabs, ceilings and the like (FIGS. 4 and 5); 
a third embodiment also provides an alternative diago- 
nally interfacing unit useful in slab and ceiling construc- 
tion, a fourth embodiment provides a unit member suit- 
able for column construction; in a fifth embodiment, a 
generally hexagonal unit structure is disclosed. 

9 Claims, 13 Drawing Figures 
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by the individual who is constructing a specific planned 
building. 

It is accordingly an object of the present invention to 
provide a new and novel structural building unit 
BACKGROUND OF THE INVENTION 5 wherein a structural core to the building unit is pro- 

1. Field of the Invention vi £ ed ' hav j n f load-distributing surfaces thereon to 
The present invention relates to building elements or £™ P° lnt stresses can be a PP Iled w,thout SI « nlficant 

members, but more particularly the present invention a rf ^ ]$ tQ ^ 

relates to a compute structural unit, its method of ,„ a structurai bui i ding unit which is particularly useful in 
construction, and a method of constructing or assem- struc(ural CQncrete B HcationSj F such as reinforced 
bling the individual units of the present invention so as cQn posts t reS sed concrete, concrete shells, and 
to form structural arrays such as for example walls, architectura] applications. 

columns, slabs ceilings and the like. A further object of the present invention is t0 provide 

2. General Background 15 a means to more evenly distribute the load stress to the 
It is known to form structural building arrays com- j ojnts of abutting individual structural members without 

prised of a plurality of individual units held together m the probIem of f rac ture or cracking, 
load bearing abutment to one another by means of over- A further ^ more specific object of the presen( 
all tension members which extend through or otherwise invention is to provide structural building units of such 
connect all the individual units in a dimension of the 20 character which do not require the use of mortar to 
assembled structural array. The tension members are hold the units together and which have particular utility 
constituted generally of iron, steel or like tensile mem- j n me construction on site or offsite of structural arrays 
bers with externally threaded ends {or like suitable con- formed from a plurality of individual structural units 
nections) which extend to the ends of the assemblies of such as concrete walls, floor slabs, arches, beams, col- 
the units such as by the use of plates, washers and nuts, 25 umnS) an d the like. 

or like end bearing connections. The so constructed unit A further object of the present invention is to provide 
can be tightly drawn together and handled as a com- a composite structural unit which is provided with 
plete structural load bearing unit. Such units are useful means for attaching it to other like units in order to form 
in the in situ construction of walls, pre-fabrication of an array, with the connection means therebetween 
walls, floor slabs, arches, beam and column forms, and 30 being the only structural connection necessary in order 
the like. to form a final and complete structural bond with the 

Among the advantages offered by such structural individual unit to the array to which it is being attached 
units is that there exists no necessity of using grout, during construction itself— secondary structures and 
mortar, or like conventional connections between the bracing being unnecessary. 

units or rows of units. Thus the structure can be formed 35 Another object of the present invention is to provide 
with a smooth, dry load bearing joint at any place and a method of construction of a composite structural unit, 
transported from that place of assembly to the location which constructed unit requires no additional milling, 
of its use as a complete load bearing self contained unit. fling or like refinement after its casting. 

Whereas structural units of this type have generally ■„ These objects and others are achieved in accordance 
attempted to solve the problem of providing a structur- 40 ™th the present invention embodying an apparatus, or 
ally sound unit which can be assembled and trans- structural building unit, comprised of a inner structural 
ported, or in fact assembled at the job site without the material and there being provided thereon outer load- 
use of grout, and attentive labor, a significant deficiency distributing surfaces to which connection means can be 
nonetheless exists in the use of such structure units. „ attached without the problem of point stresses creat.ng 

One problem which arises with structural units which 45 c « cks ' chl P s ' ° r ,he Ilke - 
are so connected in the prior art, is that point stresses ~. °. t ,. , , r . , ■ 

„f* rt »i™ «f ^ fJ« nJ TT.nit* , v hm The P nor art discloses a number of patents which 

often devetop at the joints or faces of the units where J fa ^tans which 

these members are .n abutment, these stress points often * > 

being effected after construction when the applied load 50 f J> t J g)abs md ^ ^ 

is manifested. The points of strain set up wi thin the units som£ ^ ^ wWch havg ^ 

often cause chipping, cracking, or in fact fracture or J . , fetrf fo]lowi ^ 

failure. Such flaws can at least create an unsightly ap- v 

pearance and worse can result in a threatened stability ; 

and utility of the structure itself. 55 Prior An Patents 

A further problem seen with many prior art structural u.s. Pat. No. invenior(s) issue Date 

units is that they require a substantial amount of initial R e . 27.785 H. Kobayashi Oct. 16. 1973 

bracing and secondary support to the arrays or indi vid- 2, 102,447 D. D. Whitacre Dec. 14, 1937 

ual building units themselves during construction and 2,684 ,569 A. ^j"*™^ ^ ^ ^ ^ 'j^ 

prior to the application of the tension members to the 60 3J45I502 D. Riibenstein Aug. 25, 1964 

structure. Such a need for secondary support is time i.n3,22b A. Solnick Mar. 16, 1965 

consuming, labor wasting, and expensive. Oftentimes, 3,260,025 C. Van Der Lely July 12, 1966 

without the use of heavy construction equipment and l 378 ' 969 G - K ' Urscf Apr : 2i [ lm 

;, this type of secondary structural 



support is out of the question. 65 Many of the devices or systems of the prior art which 

Some other prior art units are restricted to a single have been patented provide various drawbacks in their 

structural array by their very nature, and cannot be attempt to solve the aforementioned problems, to which 

combined into several different forms as may be desired problems the present invention is directed and which 
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drawbacks and problems are solved by the present in- abutting surfaces of the individual structural units over 
vention over the prior art. a wider area, and transmits the loads through the inter- 

U.S. Pat. No. 2,102,447 by Donald D. Whitacre pro- face formed between the facing of the structural unit 
vides a structural building system wherein there is the and the face of the core material which forms the body 
necessity to grind the contact surfaces between individ- 5 0 f the structural unit, which is by the method of forma- 
ual structural units prior to assembly. The present in- tion of the composite devoid of imperfections in mating 
vention does not require the grinding or milling of the interface which lead to point stresses, 
surfaces of the individual structural units prior to their By the use ofhard or metal contact facings, the force 
use, but rather provides a method of construction by j s transferred from the core inner surface of the material 
which the contact surfaces of the individual units are by 10 which forms the structura i unit t0 the metal surface of 
their nature perfectly flat and aligned as is required the contact p]ate which it must of necessity eJtact]y 
before their use in forming an array. match since the surface of the bod of the structuraI 

The present invention provides a significant adyan- unit was formed jn contact with {he faci The force fa 
tage over the pnor art in that there is no necessity of the then transferred fr0 m one outer metal surface to the 
use of secondary structures or supplemental structures 15 outer surface of &e meta] or otherwise constituted fac . 
m order to support the array pnor to the application of ; of the abutting structural unit and then through the 
the tensioning members thereto. In the method of con- fad tQ the ^ fad of h CQre feod f f 
structmg the arrays of the present mvention, the tension struc f ural umt Tf , here * unevenness of 0 * ntact at the 
is applied with the addition of each structure unit and m „ tol tn „^,„, • f „ . , , . „ 
such tension member holds that individual structural 20 Z£ v ? m ^£^J^ m ^ ? ^ 

unit in place without the use of secondary structures, ^ th + f% s * ess f and d.stnbutes the 

secondary bars, or secondary supports in order to hold f °J" m ° f V k *"* ° f ^ ^ ^ ^ 
the unit until the entire structural unit can be tensioned. °f &e ^becomes more and more important 

The Kobayashi patent, U.S. Pat. No. Re. 27,785 pro- W !* } h \ ' nC . « compressive loads encountered 
vides the use of such a supplemental structure until the 25 with h,gh tension in the tension rods and with greater 
concrete hardens. Such a device requires a secondary h f '8 ht lf . th t ? structural un «s are placed one atop the 
structure until the curing time of concrete gives it the °* e u r aS m the COI ? structlon of columns ° r walls, 
desired strength The P resent invention can be manufactured using 

U.S. Pat. No.' 3,173,226 issued to Abraham Solnick «nictnr«| ™^ with clay as well as cement and like 
requires the use of extra supportive framework. 30 structurally fund materials, with the facings being 

In contrast to U.S. Pat. No. 3,145,502 issued to D manufactured of a suitable load-distributing material 
Rubenstein, in the present case of plates or surfaces such as P lastic > metaI ' and the like - The P«sent inven- 
made of plastic, the surface, if formed after the initial tlon Provides su cb an individual structural unit which 
molding, is on the abutting surfaces not on the facing can De bound m face-to-face relationships in order to 
surfaces as in the Rubenstein patent. 35 form constructive arrays. The units are self supported 

The present invention does not require a complex u P on attachment using a suitable tension means such as 
system of rods which can only be stressed after an entire an elongated metal rod, or a plurality thereof, prefera- 
row of units is laid, such as is taught in the Perreton blv constituted of iron, steel, or like tensile material 
patent, U.S. Pat. No. 2,684,589. which. is passed through a plurality of openings or per- 

U.S, Pat. No. 3,260,025, issued to C. Van Der Lely 40 Orations through the units themselves. The end por- 
discloses the use of facings which are formed of a plastic t'ons of the rods can be externally threaded and adapted 
material to make a seal. In the 3,260,025 patent, the for threadable engagement with a plate, nut, or the like; 
object is to seal, not to distribute the load evenly over however, any suitable means of connecting units to- 
the contact surface as is the case with the present inven- gether by affixing the end portions of the rod can be 
tion. The object of the present invention is to distribute 45 "sed- . 

the load and hence the facing material has different BRffiF DESC riptION OF THE DRAWINGS 
characteristics. 

The rods with the present invention are not made For a further understanding of the nature and objects 
continuous throughout the entire span as in the devices of tn e present invention, reference should be had to the 
of the prior art, and do not transmit unequal loads with 50 following detailed description, taken in conjunction 
expansion and contraction effects of rods throughout a with the accompanying drawings, in which like parts 
dimension of the entire structure. are given like reference numerals and wherein: 

Also a specific object is to provide a method of as- FIG. 1 depicts a top plan view of a mold used in the 
sembling the units whereby one unit is placed in posi- method of construction of the preferred embodiment of 
tion and means of applying compressive force to keep it 55 the composite unit apparatus of the present invention- 
in place is applied to that unit suitably by the application the composite unit shown therein in phantom lines; 
of tension to rods one end of which is anchored on a FIG. 2 depicts a composite structural building array 
face of a unit already in place, that face being other than formed from a plurality of units of a first embodiment of 
the one abutting the unit just positioned and the other the present invention, the array being characterized of 
end of the rod being attached to a face of the unit just 60 one modular unit which constitutes the building de- 
positioned which is not identical to the abutting face of scribed by reference-to FIG. 3; 
the unit just positioned. FIG. 3 is an elevational view of various sizes of com- 

. ... _ , T , posite units of the first embodiment of the present in ven- 

Discussion of the Present Invention Jj^. * 

Thus the present invention provides a structural unit 65 FIG. 4 is a perspective view of a slab section formed 
construction which has inner structural load carrying from an assembly of the second embodiment of the 
capability, with an outer load-distributing surface composite unit structure of the present invention held 
which distributes the compressive load generated at the together by suitable tensioning means; 
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FIG. 5 depicts a cross sectional view taken along A. further inspection of FIG. 1 will reveal the pres- 
ides 5—5 of FIG. 4; ence of a plurality of bores 18 which are provided 

FIG. 6 is a cross sectional view of a typical slab for- through the center portion of unit 12. These bores 18 

mation using the third embodiment of the composite form openings through which tension means (which 

unit structure of the present invention; 5 can be in the form of elongated metal rods) can pass so 

FIG. 7 is a perspective view illustrating a fourth as to eventually fasten a plurality of units 12 together, 

embodiment of the composite unit structure of the pres- There is further provided as is shown in FIG. 1, a recess 

ent invention being attached to form a structural col- 20 on the opposite ends of each bore 18 which provides 

umn; an enlarged area to facilitate the location of a suitable 

FIG. 8 is a sectional view taken along lines 8—8 of 10 fastener such as a bolt, or the like. 

FIG. 7; FIGS. 2 and 3 ill ustrate the use of completed compos- 

FIG. 9 is a sectional view taken along lines 9—9 of ite units 12 10 form a structural array such as a wall or 

FIG. 8; tne lilce - 1" F IG - 2 ' tnere can be seen three units 12 as is 

FIG.' 10 is a side elevational view and partial section snown durin 8 their construction in FIG. 1. The com- 
of a single isolated unit of the fourth embodiment of the 15 P ,eted 12 > 11 W1 " be n °'ed from FIG. 2, do not 
composite unit structure of the present invention as require any additional milling, planing, or surface treat- 
employed in the structural array depicted by reference men1 ' «" order that the y ma y mat e together in a perfect 
to FIGS. 7 and 8; fit u P on assembly. In FIG. 2, units 12 can be seen each 

FIG. 11 depicts in plan a slab formed by members of havin S load bearin g P la 'es 16 on their load bearing 

a fifth alternative embodiment of the unit of the present 20 aa ^ et \ The A mner c 016 14 * s *?wn having been cast 

invention- " and hardened into the proper position as was illustrated 

FIG. 12 is a perspective view of a single unit of the '" FIG ' » with mold 10. Now the inner core 14 is suit- 
alternative embodiment of the apparatus of the present ab , ly h f dened and has desirable compressive strength 
.... . . . - characteristics which nf enures arp /ipcionpr? nffpr mn. 



ence to FIG 11- and 25 sidenng the desired load carrying characteristics of the 

FIG. 13 is a top sectional view of the unit of FIGS. 11 ^otme being built. 

dl , r ■ In FIG. 2, there is seen a plurality of tension members 

which are in the form of connecting rods 22. In FIG. 2, 
DETAILED DESCRIPTION OF THE each connecting rod 22 can be an elongated rod of a 

PREFERRED EMBODIMENT 30 material, such as steel, iron, or like suitable tensile mate- 

r . ... •,, rial. Rods 22 can be threaded being provided with 

FIG. 1 illustrates a preferred embodiment of the mold thrgads 23 respective end f io £ s as js known 

JO of the present invention whrch can be used to manu- jn the ^ There can fu P rther bc l ided bolts u which 
facture units 12 ,n accordance with the teaching of the threadably engage and attach £ connect i ng rods 22 at 
"T^T? °" T ^^by 3 " 1 "^ 011 35 threads 23. If desirable, washers 25 can be provided 

of FIG. 1 there is provided a shaped mold 10 having whJch are , aced between boU „ and loa / be aring 

mner walls defining a shape corresponding to the de- ktes 16 , It wM be seen> that when connecting . rod 22 £ 
sired shape of the individual unit 12 to be formed. , ^ its proper positiol)( connecting togEther ^ y two of 

In FIG. 1, there is shown in phantom Imes composite units 12> bolts 24 W n] assume a flush position within 
umt 12 which is comprised generally of an inner struc- w recess 2 o thereby not interfering with the addition of 
tural material 14 and outer load-distributing surfaces in othcr units as thc cons t ruct ion continues. The connec- 
the form of plates 16. tion can be comp i e ted with a desired tension or stress to 

As can be seen in FIG. 1, in order to construct com- rod 22 by use of a connectional torque wrench to guar- 
posite unit 12, outer load-distributing plates 16 are first antee un if ormity and consistency throughout the struc- 
placed in a desired position along the inner walls 11 of 45 t ure. ■' 
mold 10 such that when a suitable fiowable material when constructing the device in this manner, it can 
such as concrete, plastic, clay or the like is added to be seen t h a t by beginning with a single unit (designated 
form inner core 14, it will exactly conform to the space as un i t "A" in FIG. 2) it is easy to add additional units 
provided between the load-distributing plates 16. If the ( suc h as "B" and "C" in FIG. 2) without any additional 
mold 10 is properly constructed, inner walls 11 will act 50 structural support other than rods 22. Thus, if one began 
as a "jig" which will exactly position load-distributing by placement of unit A resting against a base slab 30 as 
plates 16 so that their outer surfaces 17 will not require j s shown in FIG. 2, unit B could be added and attached 
additional filing or milling before use. The surfaces will thereto permanently and structurally by connecting 
easily fit together in face-to-face relationship, being rods 22 as is shown. In FIG. 2, every other bore 18 in 
compatible when several units 12 are combined to form 55 un it 12 is provided with a rod 22 to connect units A and 
an array. The connection or adhesion of plates 16 to unit B together. Note, however, that in the alternate open- 
12 can be augmented using projections (not shown) i n gs 18 the connecting rods 22 are connected only to 
attached to plate 16 which would act as anchors when unit B and project outwardly therefrom a distance 
inner core 14 "sets." Any suitable chemical bonding which will allow the addition of a further unit when it 
agent could likewise be used to augment the adhesion of 60 is added after A and B are secured together. Such an 
the load-distributing plates to the structural core. In- arrangement is important, because each unit is corn- 
deed, it is also possible, though time consuming to apply pletely affixed to the structural array upon bolting, but 
the load-distributing plates after the structural core additional units 12 can always be added if desired. It is 
material has "set" if the chemical bonding agent has the also important that the aligned tensile rods are not con- 
ability to withstand the compressive loads and, like the 65 nected one to the other because unequal stresses are 
structural core material, at some point during or follow- created within the array decreasing its strength, 
ing its application, flows to conform to the surfaces In a like manner, there can be seen at the connection 
which it bonds, thus again not forming point stresses.' between units A and C, the use of every other or alter- 
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nating connecting rods 22 in order to form the struc- subjected to high shearing forces as is apparent to one 

tural connection between A and C, with the alternate or skilled in the art. 

other rods 22 being connected to C only and projecting The use of diagonal plates 56 illustrates but a second 

a distance out therefrom in order to add another com- embodiment of the teaching of the present invention, 
posite unit. The projection distance of the rods which 5 though the method of constructing units 53 would be by 

will be used to add additional units 12 is designated by use of a mold 10 as was described more fully above and 

the letter D in FIG. 2. with reference to FIG. 1. The mold 10 used to cast units 

Alternatively, the rods 22 need not be placed within 53 would provide inner walls 11 which would create a 
unit C so that they project a distance D for the attach- "jig" effect to orient bearing plates 56 into a desired 
ment of additional units 12, not shown. Instead, the 10 spaced relationship so that no additional milling, cut- 
additional unit 12, not shown, may be placed in abut- ting, or forming of plates 56 would be required when 
ment with unit C and then the rods 16 which attach it to the casting was completed. Openings would be pro- 
unit C may be inserted through holes 18 and by suitable vided through structural units 53 in the same manner as 
means anchored or attached at one end to the facing 16 they were provided in the first embodiment discussed 
of unit C which contacts facing 16 of unit A and at- 15 above so that connecting rods 54 could be "staggered" 
tached at the other end to the vertical facing 16 of the enabling the assembly of slab 50 without the necessity of 
unit 12, not shown, which is not in contact with a facing extra structural supports, external bracing, grout, con- 
16 of unit C. crete, or the like. There is seen in FIG. 5 a plurality of 

FIG. 3 illustrates a structural array which can be for openings 58 through which tensile connectors could 
example a wall, and is designated generally by the nu- 20 pass in a direction traverse to the rods 54 shown in FIG. 

meral 40 in FIG. 3. There it can be seen that array 40 is 5. Such traverse openings 58 would provide connection 

constructed of a plurality of individual units 12, each to slab 50 in a direction normal to the connection rods 

being attached by means of a plurality of connecting 54 shown in FIG. 5 so that the slab 50 could be braced 
rods 22 which can be threadably mounted (or like suit- 2J in both directions as would be desirable. Note that in 

able connection) to the units as was described more FIG. 5 there is shown recesses 59, 59' which allow a 

fully above. Note in FIG. 2 that each alternating rod 22 space into which bolts 60 or like connections can be 

is "staggered" so that there will always be a projecting placed so as not to interfere with the interface between 

amount of rod 22 beyond the surface of the previously successive structural units 53. 

connected unit so that additional units 12 can be added 3Q FIG. 6 illustrates a third embodiment of the compos- 

as needed. In FIG. 3, it can be seen that units 12 can be ite structural unit of the present invention. The embodi- 

of varying dimensions within the teaching of this inven- ment shown in FIG. 6 provides a slab structure desig- 

tion. Note smaller units 12a as they appear above door nated generally as 62 attached to column 64 which 

32 and window 34 in FIG. 3. Likewise, units 126 are of utilizes a plurality of structural units 66 which are con- 

a shorter dimension than units 12 which are substan- 35 structed within the teaching of the present invention 

ti;illy the height of array 40 which forms a wall in FIG. using a suitable mold 10 giving the desired structural 

3. unit geometry. Units 66 provide diagonal load-distribut- 

With the method of construction as described more ing plates 68, each plate provided with a pair of recesses 

fully above, it should be appreciated that there is no 69, 70 which can be used for the placement of a bolt 72 

necessity for extra bracing or like supplemental support 40 or like connective member at the end of a tension rod 74 

in order to apply the tensioning members 22 and con- as shown in the drawings. In FIG. 6, it can be seen that 

nect additional units 12 to the array. To the contrary, there is likewise provided a second cooperative bearing 

each unit 12 when added to the structure and fastened plate 75 which abuts and fits comfortably against plate 

into place using connections 22 is totally and com- 68 so as to form a mate therewith. Likewise, bearing 

pletely structurally sound with the array 40 as a whole 45 plate 75 is provided with recesses 76 for the accompa- 

and forms its structural part thereof without necessity nyment of bolt heads 72 or like connectors. In the em- 

of grout, concrete, supplemental supports, or the like, bodiment shown in FIG. 6, there can be provided two 

thus offering a significant economic advantage over the connective rods 74 in separate horizontal layers as is 

prior art with a significantly decreased possibility of the illustrated in the drawing. In the embodiment shown in 

creation of point stresses found in the prior art in a more 50 FIG. 6, connective rods 74 could be of any high tensile 

economic manner than in the prior art. material such as steel or the like, and the inner core 77 

However, grout or mortar may be injected into the of units 66 could be formed of concrete for example, 

void area of the bores 18 between the rods and the wall There is likewise provided openings 80 traverse to that 

of the bore to give an additional measure of strength if direction of rods 74 in FIG. 6. Openings 80 and corre- 

desired as is known in the art. However, such is not 55 sponding recesses 82 could be used to accompany rods 

necessary and renders the structure more permanent. 74 and bolts 72 respectively within the teaching of the 

Thus, it can be seen that utilizing the apparatus and present invention, 

method of construction of the present invention there In order to suitably anchor the first unit as added to 

can be constructed an array 40 of units 12 to form a wall column 64, there could be provided an initial anchor 

simply by use of connecting rods 22 within the teaching 60 rod 73 as is shown in the drawing, with the length of 

of the present invention. rod 73 being "developed" by its embedment into the 

FIGS. 4 and 5 illustrate a second embodiment of the concrete column 64 a desired distance as is known in the 

apparatus of the present invention. In FIG. 5, there can art In FIG. 6 there is an alternating arrangement of 

be seen a slab 50 constructed between columns 52. Slab rods 74 in the plane of ihe drawing. However, it should 

50 can be constructed of a plurality of units 53 using 65 be understood that the alternating arrangement, which 

connecting rods 54. Units 54 in the second embodiment allows subsequent units to be added to the array, may be 

have generally diagonal load-distributing plates 56 in a direction normal to the rods 74 shown in FIG. 6, the 

which aid in the structural integrity of slab 50 which is same effect being achieved. 
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FIGS. 7-10 illustrate a fourth embodiment of the derstood, however, that the exemplary number of three 

composite structural unit of the present invention. (3) layers provided to unit 100 as shown in FIG. 11 is 

There can be seen in FIGS. 7-10 a block 82 having not absolute. Each layer represents generally a line of 

load-distributing plates 83, 84, respectively, on its lower force through which connections can be made through 
and upper portions as viewed in FIG. 10. Unit 82 would 5 various abutting units so as to form an array as shown in 

likewise be formed having an inner core 85 of a suitable FIG. 12, thus varying numbers of layers 102, 104, 106 

material having the necessary compressive strength, could be provided. 

and plates 83, 84 providing a surface which would have In FIG. 12, there can be seen connection holes 110 

load-distributing characteristics necessary in order to through which suitable connecting rods (not shown) 
transmit the compressive forces generated by connect- 10 can be attached. Bearing plates 114 are provided at the 

ing rods 90 to unit 82. In FIG. 7, there can be seen a outer edges of each layer 102, 104, 106 as is the case 

column 92 constructed of a plurality of units 82. Col- with previous units within the teaching of the present 

umn 92 would be merely a single array having individ- invention as was described more fully heretofore. The 

ual units 82 "stacked" thereon as shown in the draw- units 100 can be connected to form an array as shown in 
ings. There would be provided a plurality of openings 15 FIG. 11, with the rods 112 being alternatively arranged 

86 through which connecting rods 90 could be placed as so that each unit 100 can be securely connected to the 

is shown best in FIGS. 7 and 8. Likewise, as with the preceding unit 100 or to the array in the manner as 

previous embodiments of the present invention, there depicted for the single structural unit 90A in FIG. 11. In 

could be provided recesses 87 which would provide a FIG. 11, unit 90A is connected at its edges to units 90B, 
space for bolts 93 which could be threadably connect- 20 90C, 90D, 90E, 90F and 90G. Tensile connectors 91, 92, 

able to the end portions of rods 90. 93, 94, 95 and 96 secure the array as is shown in FIG. 11. 

FIG. 8 helps illustrate the method of construction of Thus an interlocking repeating pattern is formed. In 
the present invention to construct column 92 of FIG. 7. FIG. 12, there is shown attached to the individual hex- 
In FIG. 8 there is seen a base slab 94 which has embed- agonal structural unit 100 a load-distributing plate 103 
ded therein a plurality of connectors 90 so as to form a 25 with holes 101 passing through it and the structural core 
spot for "beginning" column 92. After the first struc- . of the unit 100 with recesses 105 which allow the usage 
tural unit is placed over the initial rods 90, successive of the structural unit at the same time as both an element 
units can be added by "staggering" the rods 90 so as to in a vertical array of a column, similar to the fourth 
always provide an exposed portions "A" and "B" of rod embodiment of the invention described in conjunction 
90 on units 82 as desired. It is within the teaching of the 30 with FIGS. 7 through 9, and an element in the horizon- 
present invention that the pattern may be altered so that tal two-dimensional array of a slab. Thus, the horizontal 
the individual rods 90 and the connecting rods of the two-dimensional array of the slab and the one dimen- 
other embodiment may be of sufficient length to pass sional array of a column are integrally connected, 
through any number of structural units less than the The structural units 100 can be formed much in the 
number of structural units required for the entire even- 35 same way as the previous teachings of this application, 
tual span creating a slightly different but basically simi- in which a mold 10 is utilized having geometrically 
lar interlocking pattern although FIG. 8 shows that desirably arranged inner walls 11 to which walls there 
number to be three. Note in FIG. 8 there are provided can be affixed bearing plates 114 prior to the addition of 
rods 90 which project a distance A above the upper- a desired flowable "setting" material. When the setting 
most unit 82. These rods 90 which project a distance A, 40 material hardens (for example in 28 days or so with 
would initially bolt or attach and hold the next unit concrete), the mold can be removed and the unit is 
added to the stack, whereas there is also provided rods ready for its operational use in a structural array or the 
90 which project a second distance B above the last like. 

added unit shown in FIG. 8. When a second unit were Because many varying and different embodiments 

to be added , to the stack as shown in FIG. 8, the rods 45 may be made within the scope of the inventive concept 

which project a distance B would be utilized to secure herein taught, and because many modifications may be 

that particular unit into its position. Thus, there can be made in the embodiments herein detailed in accordance 

seen a method of construction shown with the column with the descriptive requirements of the law, it is to be 

of FIGS. 7 and 8 which provides a connection of each understood that the details herein are to be interpreted 

successive unit to the column, with each connection 50 as illustrative and not in a limiting sense, 

forming a complete integral structural connection with What is claimed as invention is: 

the previous unit, there being no need for supplemental 1. A method of constructing an array comprising the 

bracing, or other structural supports. steps of: 

As in the first embodiment of the present invention a. providing a plurality of composite structural units, 

and in all embodiments of the present invention the 55 each of said structural units comprising 

tensile rods 90 of FIGS. 7 and 8 need not project dis- (i) an inner structural core of cast material; 

tances B and A, but may be inserted as required to (ii) a plurality of load-distributing plates integrally 

attached successive structural units 82 to the columnar attached during casting to said core, each of said 

array 92 after placement of a structural unit in position plates being substantially hard to resist fracture, 

on the columnar array. 60 and having internal strength sufficient to sub- 

FIG. 9 illustrates a top view of the column shown in stantially dissipate point stresses there being pro- 

FIG. 8, whereby it can be seen a plurality of openings vided a plurality of holes through said core and 

86 through which rods 90 can pass, and there can also said attached plates, each of said plates providing 

be seen recesses 87. a mating face for contacting the face of an adja- 

FIGS. 11 through 13 illustrate a fifth embodiment of 65 cent attached unit; 
the apparatus of the present invention. In FIG. 12, hex- (iii) tension means extending through said holes for 
agonal unit 100 is made to appear as a plurality of holding two of said units tightly together in face- 
stacked solid layers 102, 104, and 106. It should be un- to-face relationship forming a structural array; 
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b. placing a first and a second of said structural units 
together in a desired array; 

c. applying a tensile connector to the first and second 
units, perfecting a connection; 

d. applying a second tensile connector to the second J 



e. placing a third structure unit in face-to-facc rela- 
tionship with the second structural unit; and 

f. perfecting a connection between the second and 
third structural unit using the second tensile con- 

2. A method of constructing an array comprising the 

a. providing a plurality of composite structural units, 
each of said structural units comprising 

(i) an inner structural core of cast material; 

(ii) a plurality of load bearing plates integrally at- 
tached during casting to said core, each of said 
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a. providing a plurality of individual structural units, 
each of the units having an inner structural core of 
cast material and an outer integrally connected 
load distributing bearing plate, the bearing plates 
being connected to the inner core by casting at the 
inner core-bearing plate interface; 

b. contacting two of the structural units together at 
the load distributing bearing plates; 

c. forming a tensile connection between the two con- 
tacted structural units; and 

d. adding additional structural units to the previously 
connected unit array, each additional unit being 
connected to the previously added unit by a tensile 
connecting member, which member stresses only 
the previously added unit and the added unit. 

4. The method of claim 3 wherein in step "a" each 
provided structural unit is substantially rectangular and 
having two or more parallel, integrally connected load 
bearing plates. 

plates being substantially hard to resist fracture, 20 5. The method of claim 3 wherein the array to be 
and providing internal strength to substantially constructed is a wall, and in step "a," each structural 
dissipate point stresses, there being provided a unit is a vertically oriented unit having vertical side 
plurality of holes through said core and said ioad distributing bearing plates, 
attached plates, said plates providing a mating 6 - The method of claim 3 wherein the array to be 
face for contacting the face of an adjacent at- 25 constructed is a column, and in step "a," each structural 
tached unit: unit has u PP er and lower load distributing bearing 

(iii) tension means extending through said holes for P'l te i,. , , . , . „ , . 
holding two of said units tightly together in face- t The , method * cla ' m . 3 ^ ha ^ m „ ' he " ray t0 b t 

. - ° . . . constructed is a slab, and m step a, each structural 

to-face relationship forming a structural array; 3Q ^ . horizonta „; oriemed 'jJP g£™y 

b. assembling a plurality of he composite umts to vertjca] M& ^ bearj ^ 8 * 
form a structural row with each composite unit 8 The method of c]aim 3 where f n F in st .. c „ the 
abutting the adjacent unit at its load bearing plate; tensile connection is formed between tyv0 £ ontacled 
an " structural units using tensile connecting rods. 

c. applying tensile force connectors to the units, each 35 9. The method of claim 3 wherein in step "d" each 
tensile connector stressing a number of units less tensile connecting member stresses at least two struc- 
than the total number of units forming the row. tural units, but less than the total number of added struc- 

3. A method of constructing a structural array com- tural units, 
prising the steps of: * * * « * 
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ABSTRACT OF THE DISCLOSURE 

A tension strut device adapted to be applied to a build- 
ing wall experiencing either inwardly or outwardly bowing 
forces applied thereagainst; said device comprising length- 
adjustable strut members running vertically along the 
opposite sides of the wall and interconnected across the 
top of the wall by a cap device; each strut member having 
hook means at its bottom end for hooking said device 
to ground anchor bolts or the like; the device being thereby 
adapted to apply compression forces to the wall resulting 
in forces tending to keep the wall rigid against forces 
applied thereto from either side of the wall. 



The invention is adapted for use in connection with any 
brick or stone or concrete building wall; swim pool wall; 
or other fabricated wall which is subjected to lateral 
bulging forces. Such forces are typically encountered in 
relatively long straight wall fabrications which are ex- 
posed to storm wind pressures which on occasions will tend 
to blow the wall inwardly or out. 

Whereas a variety of "pilaster" type brace devices have 
been previously suggested for such purposes, it is a pri- 
mary object of the present invention to provide an im- 
proved and structurally simple brace device for brick or 
block walls or the like, which may be easily applied thereto 
(either during construction of the wall or at some later 
time) and which will effectively brace the wall against 
lateral bulging and/or collapse. 

Another object is to provide an improved brace device 
as aforesaid which compactly nests against the wall and 
involves no substantial protuberances beyond the general 
profile of the wall structure, per se. 

Other objects and advantages of the invention will be 
apparent from the following specification and the accom- 
panying drawing, wherein: 

FIG. 1 is a side elevational view of a concrete block 
type wall showing a brace device of the invention in 
operative position; 

FIG. 2 is a fragmentary sectional view, taken as sug- 
gested by line 2—2 of FIG. 1; and 

FIG. 3 is a top plan view of the brace device of FIG. 1. 

By way of example, the invention is illustrated and de- 
scribed in detail hereinafter as being applied to a typical 
cement block wall construction designated generally at 
10. However, it is to be understood that the "blocks" 12 
may alternatively be of brick, or cut stone, or the like; 
and either "dry"-stacked or cemented together. The wall 
footing or foundation is illustrated at 14 and includes 
anchor bolts 15 embedded therein. 

As shown herein, a brace device of the invention may 
be constructed to include a wall cap member 16 formed 
of two parallel angle irons 18 — 18 cross-braced by end 
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strap irons 20—20 and a center iron 22 which is inverted 
U-shaped and includes downwardly extending legs 24 — 24, 
terminating at their lower ends in right-angle flange por- 
tions 25. Diagonal braces 26 are welded or otherwise fixed 
5 to interconnect the ends of the angles 18 to the lower ends 
of the center iron 22 to complete the fabrication of a rigid 
"saddle" device for the top of the wall as shown. The 
flange portions 25—25 of the main strap member 22 are 
bored to accommodate bolts 28 — 28 which also engage 
10 the top flange portions 29 — 29 of corresponding pull strap 
•members 30 — 30 which are dimensioned so as to lie flat- 
wise against the sides of the wall 10. Right-angle flange 
devices are formed at the lower ends of the strap members 
30 — 30 to engage the anchor bolts 15 extending upwardly 
15 from the wall foundation. It will be appreciated, of course, 
that in lieu of metal strips as indicated at 30—30, any 
other suitable tension applying device may be employed 
such as chains or steel cables, or the like. 
Thus it will be appreciated, particularly by reference 
20 to FIG. 2 of the drawing herewith, that when the brace 
device of the invention is applied to a wall structure as 
shown herein the tension adjustment bolts 28—28 may 
then be actuated to apply to the system any desired degree 
of tensioning; and differentially if preferred to suit differ- 
25 ent problems. The tension adjustments of the system may 
be effected of course either by applying a wrench to the 
heads of the bolts 28 or by applying a wrench to the nuts, 
or both; but in any case by a simple screw-threading ad- 
justment of the device the tension forces applied by the 
30 system may be readily regulated to suit the requirements 
of any situation. By virtue of this arrangement the tension 
forces exerted by the system of the invention are primarily 
applied as compression forces acting through the innermost 
vertical edges of the building blocks comprising the wall. 
35 However, this tends to rock contiguous blocks, one rela- 
tive to the other; their innermost edges operating as ful- 
crum surfaces. Thus, it will be seen that the device applies 
to the wall structure a combination of force effects in- 
cluding a substantial component tending to bow the wall 
*° in any desired direction and in direct opposition to forces 
which would otherwise tend to bow the wall. 

It is of course to be understood that whereas only one 
form of the invention has been illustrated and described 
, 3 in detail hereinabove, various changes may be made 
therein without departing from the spirit of the inven- 
tion or the scope of the following claim. 
What I claim as my invention is: 
1. In combination, a building wall comprising a verti- 
g0 cally stacked series of building wall blocks extending up- 
wardly from a rigid footing having anchor bolts extending 
therefrom, and a brace device therefor, 
said brace device including a saddle member of inverted 
■U-shaped form disposed to straddle at least the 
gg uppermost course of building blocks, 

said saddle member comprising a pair of parallel dis- 
posed angle irons embracing a plurality of said buM- 
ing blocks along the opposite top side comer portions 
of said wall, and cross brace members extending 
60 transversely thereof and fixed to said angle irons 
and having leg portions depending downwardly there- 
from along opposite sides of the wall and terminat- 
ing in detachable connection portions, 
and a pair of tension transmitting members disposed 
respectively vertically along opposite sides of the 
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wall, each of said tension members having means 
at its lower end detachably connected to one of said 
anchor bolts and terminating at its upper end in 
means coupling it to one of said detachable connec- 
tion portions, « 
said saddle and tension transmitting members being di- 
mentioned and arranged so that said tension trans- 
mitting members may be selectively tautened so as 
to apply to opposite sides of said saddle member any 
desired tension forces to stabilize the wall against , 
laterally applied forces tending to bow the wall. 
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FIG. 5 is a diagrammatic top view of a part of a roof 

3,292,316 constructed according lo the invention from a plurality of 

SELF-SUPPORTING ROOF adjacent interconnected elements. FIGS. 6, 10 and 12 are 

Bertil Olov Zeinetz, 7 Storgatan, Stockholm, Sweden sections following lines A— A, and FIGS 7, 8 9 and 1 1 

Filed Sept. 26, ,1961, Ser. No. 140,788 g are sections following lines B—B in FIG. 5 and re-present 

M 1 ™. 3 n, i?4/fi ' ' Vari ° U3 C0U ^ meacs for abutiiD S elements. 

' 1 c£ <b ILw Refcrrin 8 10 the drawin SS, FIG. 1 is a top view of a 

' - - > building constructed according to the invention when final- 



, , , .. ,. ly erected. The building has a roof comprising an angular 
n relates to roofs^f buddings. edge frame t a cupoh _ formed snel] com p 0sed 
More particularly this invention relates to self-support- of a pjurality of elements 2 meeting one another in joints 
ing building roofs of the shell, cupola or vault types. 3 . The eIemcnts 2 are di d jn m ■ d ' d 
Still more particularly my invenuon relates to roof struc- by b d £ ^ ^ elemen(s m ^ sam£ , ^ 
tures for larger spans which are nearest comparable with are pre ferably identical as is indicated in FIGURE 1 by 
the shell structures of the type erected :or example by the 15 - mdex numbers such ^ a a a b b etc 
well-known Italian Luigi Nervi or the lattice-work cupolas a vertica] section the bui , d; ferahl !s formed as 
erected by the Amencan Buck Fuller and others is shown in FIG. 2. In the example shown in said figure 
The known lattice-work cupola .s budt up of bars and ^ edge frame j rests on columns r 4 . It ma also T£ ° Qa 
junctions often disposed m various geometrical patterns base structures of otaer sh or dircctl on the nd 
Said frame is subsequent y at the place of erechon covered ^ ^ figure a]so iDdicates ho £ tbe e]emen y ts . the S various 
with protecting and insulating material which work often series project t one another SQ as . - d { 
must be done highly above the ground and which, m order , good slructura i strengtn t0 & e mshed she „. 
' " w: lh rr of nsk > calls for erecUon The building with its roof is preferably erected in the 
of high scaffolds or stagings following manner. The columns 4 arc raised. On said 
I ,, 3 snc s in:c:ures of Nervi which are of concrete, 23 columns the edge frame is placed. Said frame may con- 
have generally been moulded at the place of erection which sist of scveral , elenlents . If dednd &e ed y frame 

fabr, ated frame, and the covering ^insulating roof n 1 fromt cloS g" t 

matenal has been mounted at the place of erection under , 0 0 f me cupolaroof ^ 

the same unfavourable conditions as are experienced in The ^ series of e]ements . a 

theerectionoftfaelattice-workcupolas. triangular form and is secured to the edge frame by meant 

One main object, of the present invention is to provide of a sui[ab]e ^ device The foI1 LngTe, ics ' "l 

a .system for erccung -self support,,* .hell cupola, and ments b ha £ a S rhombic form . oTelement of said 

vault roofs which comports many marked advantages over 36 series b is £ cured between tW£) eleme Z 7i £ £ti* f a 

^Xfobject of the invention is to provide a roof &EttS Kii^ST ™° 

JSfSES 1,7, f h SS 3 P ' aCe ° f ereCU ° n 13 31111051 45 ^ «i« of ' is mounted in a similar man- 

C TSL a obSfme m venUonisto^ ^nd Mhe^s^^forr a se^f^T 

regularly div dTd bads ^ 2 P ™ M in a c ^sponding manner until ihe whole shell 

^ further "obfet of the invention is to provide a 5 ° ££££ ilfa^"^^ ? ^ 

=rat h mt^^^ ^assssas 

Further objects and advantages of the invention will be- thid ^ gi der^s destined ^ to produce t'hThonV. i V^f 
come apparent from the following description, considered ^t^nS^i tO^ ^ h ° nZ0DtaUy aCt ' 

^rSTpe^oSora^* 11 * Tte funneI - sha ^ d buiIdi ^ according to an alter- 

Sir « i specmcanon and ot which . 6g native embodiment be curved j th manner as is indi- 

FIGS 1 and 3 are top views of roofs constructed ac- cated in FIGURE 4 by dashed line 7. I - 1 - nR " raS 15 lndl 

C %toI °7 ^i^orf ™w» i - a , A sn eil-formed building embodying the invention mav 

FIG 5 is an elevational view of groups of adjacent ro ^3^^^^^?^^ 
SSS^ 6 ' 0 ^ ^avetheformofrhomb-shapedslaLabuttingeV 
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•by means of a device 37 bearing on the notch.. A stretch- 
ing member and tubular nut 38 may be used, said nut 
receiving also the free end of the tension bar 39 of the 
adjacent element. 
; The panels may be solid slabs of some suitable material 
such as glass, .wood, synthetic plastic, or moldable ma- 
terials such as concrete, porous concrete, foamed plastic, 
foamed glass, or the like. Panels may also be formed 
of several different materials. It may for example be 
composed of an uppermost moisture-insulating layer . 
made of cardboard, sheet metal and the like, thereunder 
a heat insulating layer consisting of, for example, wood 
wool, cork, porous concrete and like material; followed 
by a load sustaining layer, made of concrete, for example, 
winds exerting a sucking effect on the roof. The rows of 15 and lowermost a sound absorbing layer consisting of, for 
interengaging profile members also render possible the pre- example, a fiber board provided on its free face with 
stressing of the shell of the cupola. non-penetrating holes. Also on its lowermost flat side the 

FIG. 12 is an example of a joint between two adjacent element may be provided with a moisture impermeable 
elements based on a profile member 19a having H shape. sheet. The different materials are suitably bound to- 
The flanges 20 of the profile member 19a prevent the 20 gether by cohesion produced by a moulding operation, 
elements 6 2 and c 2 from becoming displaced upwards or While several more or less specific embodiments of the 
downwards in relation to one another. invention have been shown and described, it is to be un- 

FIG. 13 shows a joint between adjacent elements formed derstood that this is for purpose of illustration only and 
with profile members in H shape indicated by reference that the invention is not to be limited thereby, but its 
numerals 19a, 21a, 119a, and 121a. The free, ends of 25 scope is to be determined by the appended claims, 
the profiles are formed with projections 22 having each What I claim is: 

an aperture of identical diameter and a common axis. In 1. A self-supporting roof for a building having the 

assembled position of the elements a pin 23 is inserted form of 



FIG. 5 is an elevational view of several elements kept 
together adjacent one .another by means of coupling de- 
vices indicated generally by reference numeral 18. The 
elements are formed along their lateral edge portions with 
unbroken profile members 19, 119, 21 and 121 adapted j 
to fit the abutting lateral edge portions of adjacent ele- 
ments. When assembling these elements, the edges of an 
adjacent element are inserted into the profile member of 
the element or elements already mounted so that .in the 
finished roof the elements are mutually connected along c 
rows of interengaging profiles which keep each element in 
wedged engagement with the adjacent elements and pre- 
vents them from being forced out of engagement when 
the building is subjected, for example, to the attack o 



through said apertures and locks the projections of the 
adjacent elements profiles rigidly to one another. A seal 
of the joint may be obtained by means of a packing 24. 
The pin may have its free end formed conically to render 
possible subjecting the elements to some prestress during 
the assembling operation. 

FIG. 6 is an example of a joint between two adjacent 36 
elements consisting of a notch 25 formed in the abutting 
edge sides of said adjacent elements and in which is 
placed a strip 196. The joint may be sealed by means 
of a packing 26 having the form of a ribbon or a T. 

FIG. 7 is another view of the strip 196 at its juncture 40 
with similar strips 1196, 216 and 1216. At the point 
where the strips cross one another (see also FIG. 5) 
they are formed with apertures having identical diameter 
and a common axis. In the assembling operation a pin 
28 is inserted through the apertures in all strips, and the 45 
joint is sealed by means of a packing 29. The free end 
of the pin may be made conical which renders possible 
subjecting the elements to prestress. 

FIG. 8 shows another embodiment of the locking of 
a strip-shaped seam. In the embodiment shown in FIG. 50 
8 a washer 30 is provided with so many holes as there 
are strips such as 19c, 119c, 21c and 121c to be connected 
there. In the assembling operation wedged members 31 
are inserted through the holes in the washer and corre- 
sponding holes in the strips which wedged members exert 
a tension on the strips and unite them together through 
the washer. Said washer may also have a threaded aper- 
ture to allow a threaded bolt 32 with a disc-shaped head 
to be threaded thereinto to seal the opening necessary for 
introduction of the wedged members 31. 

FIG. 9 illustrates a third example of a locking device 
for strips located in notches in the panel element edges. 
In the embodiment shown the strips 21d and VZld of ad- 
jacent elements are bent off at their opposite ends and 
joined together by means of a bolting 33. The bolting 65 
joint may also be turned downwards as is indicated by 
dotted lines 34. A disc 35 entering into grooves formed 
in both abutting elements may serve as a seal. 

FIG. 10 shows an example of a U-shaped seam 19e. It 
is also possible to use a tubular member. A U-shaped or 70 
a tubular seam may have a tension bar 36 running 
through its center. 

FIG. 11 shows a locking means for use in connection 
with a U-shaped or tubular seam 19e, 119e, 21e and 121e. 
In the embodiment shown, the tension bar 36 is stretched 75 



(a) a curved shell formed of a plurality of panel ele- 
ments arranged to form a generally curved surface, 

(b) tension members associated with each panel ele- 
ment interconnecting several points spaced about 
each panel element, 

(c) means interconnecting the individual panel ele- 
ments with the tension members for compressing the 
individual panel elements when the tension members 
surrounding the panel elements are connected and 
drawn together, and 

(d) means to place the said tension members under 
tension and to interconnect them with tension mem- 
bers of adjacent panels, whereby the tension mem T 
bers compressed the individual panel elements and 
join them together. 

2. The structure of claim 1 in which 

(a) the panel elements are polygonal in shape and are 
arranged with their sides adjacent corresponding 
sides of adjacent panel elements, and 

(b) a tension member is located along each side of 
the polygonal panel elements and between the ele- 

3. The structure of claim 1 in which the means to inters 
connect the tension members is a unitary structure en- 
gaging with three tension members, two of which are 
associated with different panel elements and one of which 

55 is common to two of the panel elements. 

4. The structure of claim 1 in which the said coupling 
means include means for placing the tension . members 
under gradually increasing tension. 

5. The structure of claim 1 in which opposite ends of 
00 -the tension members have apertures therein, and the 

coupling means includes a pin fitted in the apertures of a 
plurality of tension members meeting at a corner of a 
panel element. 

6. The structure of claim 5 in which a portion of the 
65 pin is of wedge shape. 

7. The structure of claim 1 in which the tension mem- 
bers are of H shape and the edges of panel elements fit 
between the flanges of the H-shaped tension members. 

y 0 8. The structure of claim 1 in which the panel elements 
have notches in their lateral edges and the tension mem- 
bers are mounted within the said notches. 

9. The structure of claim 1 in which the coupling 
means includes a threaded member. 

10. The structure of claim 1 in which the tension mem- 



bers comprise a rod member and a hollow member 
rounding the rod. 

11. The structure of claim 1 in which 

(a) the curved shell comprises a dome like 
including a circular edge frame of angular shape 
defining the base of the dome, a -plurality of triangu- 
lar panel elements having their respective bases fitted 
within the angular portions of the circular edge 
frame and their apexes extending inwardly along the 
surface of the dome, a row of diamond shaped panel 
elements fitted in the dome surface by insertion of 
the angle of one diamond shaped element between 
each triangle element and other rows of diamond 
shaped panel elements arranged to form the dome 
surface with an apex of each diamond inserted be- 
tween two other, diamond elements of the preceding 

(b) the tension members comprise beam members, 
each being positioned in the dome surface and ad- 
jacent the side of a diamond shaped element and 
being shaped to interengage with the panel element 
on each side of it, and 

(c) the means to place the tension members under 
tension comprising apertures- in the ends of each ten- 
sion member overlapping apertures of tension mem- 
bers intersecting at the apexes of the diamond shaped 
elements, and pins having conical ends inserted with- 
in each set of overlapping apertures and positioned 
substantially perpendicular to the dome surface. 

12. A self-supporting roof structure comprising 

(a) a plurality of panel elements arranged to form a 
shell like surface, 

(b) -tension members running between points spaced 
about the periphery of each panel element, 

(c) means interconnecting the individual panel ele- 
ments with the tension members for compressing the 
individual panel elements when the tension members 



6 

■ surrounding the. panel elements are connected and 

drawn together, and 
(d) means to couple the ends of the tension members 
to other tension members to 

(1) place tension on the tension -members, 

(2) place the panel elements under compression, 

(3) interconnect the various panel elements to 
form a unitary roof structure. 
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[57] ABSTRACT 
A continuous process for the manufacture of cellular 
ceramic product. Ceramic feed material is transported 
successively through a preheat kiln section, through a 
foaming section whereat foaming agent mixed with the 
ceramic feed material is activated, and into a drawing 
kiln section. An elongate hollow product can be formed 
by drawing the foamed ceramic while soft around and 
past a hollow mandrel to form an elongate hollow cylin- 
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ther as a separate batch or continuously in a stream. In 

METHOD FOR MAKING CONTINUOUS FOAM the first case, the ceramic feed mixture is initially depos- . 

GLASS PRODUCT ited in powder form on refractory plates which are 

This is a division of application Ser. No. 641,8 10, filed conveyed through the kiln sections, and the process can 

12/17/75, now U.S. Pat. No. 4,038,063, granted 5 be referred to as a "power process." In the second case, 

7/26/77. the ceramic material and foaming agent are heated to 

^ nr, Tm r»T, me lt together in a tank, and the process can be referred 

. FIELD OF THE INVENTION tQ M a ?. (ank process The pow P der process js particu . 

The present invention relates to the field of glass, larly useful where it is desired to add the foaming agent 
more particularly the manufacture of foamed glass. 10 directly to the ceramic feed whereas a tank process is 

BACKGROUND AND SUMMARY OF THE fflK^^'»3KS£ 
IN VEN 1 ION feed t0 the flrst kiln sect i 0n . Additionally, as a result of 

An object of the present invention is to provide a thermal balances, the powder process is most suitable 
process whereby a cellular ceramic product, which can 15 for the use of fly ash as a filler and a ceramic feed can be 
be referred to simply as "foamed glass," is produced in used containing about 1-30% by weight of fly ash. The 
a continuous and economical manner in the form of tank process is particularly suitable for use of fly ash as 
elongate members, more particularly in the form of the major component. 

hollow elongate cylinders. In such form, the foamed The product obtained is formed as an elongate mem- 
glass product can be used as a structural member in a 20 ber having a length of at least 10 feet and a width dimen- 
number of industries including the housing industry as a sion of about 3-36 inches. Preferably, the elongate 
bearing member, in processing industries as conduit, for member is in hollow tubular form and is obtained by 
example, as sewer pipe, and, in a particular exemplifica- drawing the foamed ceramic, while soft, around and 
tion, as a telephone pole or power line to replace wood past a hollow mandrel while air is passed through the 
poles. Particularly in the last utility, it will be appreci- 25 mandrel. Specifically, with a preheat temperature of 
ated that increasing demand for wood by numerous about 500°-750° C. and an activation temperature of 
industries has caused shortages in the supply of wooden about 800°-1200° C, a foamed ceramic product is 
poles. Because of the inherent properties of the wood formed having a cellular structure of closed, elongate 
selected for such poles, they are excellent support mem- bubbles in which the bubbles have a diameter in the 
bers for high tension power lines and power poles have 30 range of about O.til mm to about 1 cm and a length in 
been constructed varying in length from 25 feet to al- the range of about 2 mm to about 5 cm, the volume of 
most 100 feet and formed to bear horizontal bads rang- said bubbles constituting about 10% to about 90% of 
ing in weight from below 400 lbs. to in excess of 1 1,000 the volume of the foamed ceramic, 
lbs. However, material shortages and the competing nFSCRTPTlDN DP THP n» AWINrs 

demands for wood make it desirable to provide a substi- 35 BRIEF DESCRIPTION OF THE DRAWINGS 
tute material. Such a material should be readily avail- FIG. 1 is a schematic representation of apparatus 
able, easily formed in lengths up to 100 feet, be able to utilized in a process conducted in accordance with one 
withstand a stress of 5,000-8,000 psi, be economical in embodiment of the present invention wherein ceramic 
comparison with the purchase cost and life cycle cost of feed material is fed in batch form through tandemly 
wood, be attractive or be capable of being made attrac- 40 arranged kilns; 

tive, be fireproof and be a good electrical insulator. FIG. 2 is a cross-sectional detail view of a portion of 

The present invention provides such a material in the the apparatus of FIG. 1 illustrating the formation of a 
form of foamed glass produced by a continuous process hollow elongate member; 

which enables a pole structure to be directly obtained. FIG 3 is a perspective view of one end of a hollow 
In this general form, any glass composition can be used 45 elongate member formed in accordance with the pres- 
with appropriate foaming agents. In preferred embodi- ent invention; 

ments, further economies are obtained by utilizing fly FIG. 4 is a cross-sectional view of a portion of the 
ash as a glass base or as a filler. Fly ash (calcium alumi- elongate member of FIG. 3, taken on line 4—4 of FIG. 
no-silicate, containing iron) is generated from coal and 3; and 

usually considered a waste material so that its utilization 50 FIG. 5 is a schematic representation of apparatus 
provides an extremely economical product. utilized in a process conducted in accordance with a 

More specifically, a continuous process is provided second embodiment of the present invention, 
for the manufacture of cellular ceramic product in r>FTATT pn npqruTPTinM 

which a foaming agent is added to a ceramic feed, the DETAILED DESCRIPTION 

foaming agent requiring a temperature in excess of 500° 55 As required, detailed illustrative embodiments of the 
C. for activation. The process comprises transporting invention are disclosed herein. However, it is to be 
ceramic feed through a first kiln section and preheating understood that these embodiments merely exemplify 
it at a temperature of at least 500° C, but lower than the the invention which may take forms that are different 
foaming agent activation temperature. Thereafter, the from the specific illustrative embodiments disclosed, 
ceramic feed is transported into a second kiln section 60 Therefore, specific structural and functional details are 
and a mixture thereof with the foaming agent is heated not to be interpreted as necessarily limiting, but as a 
to the activation temperature for a time sufficient to basis for the claims which define the scope of the inven- 
form the foamed ceramic. The foamed ceramic is then tion. 

transported while it is at or above its softening point to Referring to FIG. 1, a continuous process is illus- 
a drawing kiln section from which it is gathered and 65 trated in which batches 10 of ceramic feed material are 
formed into product. The process is continuous so that transported through a section of a preheat kiln 12. A 
while a first amount of the ceramic feed is fed through plurality of flat refractory plates 14, e.g., of asbestos, are 
the kiln sections it is followed by a second amount ei- linked together by chain 16 and carried over rollers 18 
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in endless loop fashion through the preheat kiln 12 and is shown in detail of the drawing kiln 22, roof 62 and 
through an adjacent, tandemly disposed foaming kiln 20 opening therein 60. A pair of refractory, pointed for- 
and from there into and out of a drawing kiln 22, return- mers 64 and 66 are located within the opening 60 spaced 
ing back to the preheat kiln 12. Downstream of the one from the other and centrally below which is dis- 
preheat kiln 12, there is located a feed hopper 23 con- 5 posed the terminal end of a conical, hollow mandrel 68. 
taining a release agent 24. The release agent can be A stream of air, as indicated at 70, is fed through a 
carbon black, silicon fluid, or other such material as conduit 72 through the hollow mandrel 68, exiting from 
known to the glass art which will serve to prevent the the top thereof as indicated by the arrow 74. The initial 
ceramic feed from sticking to the refractory plates. gather of foamed glass 48 is directed by the bait around 
Movement of the refractory plate past the release agent 10 and past the outer surface of the hollow mandrel 68 and, 
hopper 23 engages a linkage connected to a valve 26 on as a result of the stream of air 70, forms into a hollow 
the hopper 23 resulting in deposition on the surface of tubular member 76. The bait carries the initial product 
the refractory plate of a quantity of the release agent 24. between a pair of rollers 78 and 80 spaced sufficiently 
The refractory plate 14 then travels into the preheat kiln distant from the drawing kiln so that the product drawn 
section 12 and past a hopper 28 containing ceramic feed 15 therebetween at that point is cooled enough to be rigid 
material 30. The feed material 30 travels past baffles 32 and substantially nondeformable. The bait is broken 
and onto the refractory plate 14, also as a result of actu- away above the rollers 78 and 80, which rollers are then 
ation by movement of the plate against linkage con- rotated (by means not shown) to continue drawing the 
nected to a valve 34 located at the neck of the hopper tubular product 76 from the drawing kiln 22 at a desired 
28. 20 rate. 

The preheat kiln 12 includes a top preheat kiln 36 The rate of drawing is chosen so as to obtain a desired 
surrounding the neck of the ceramic feed hopper 28 and thickness of tube coordinated with the rate of move- 
which is heated by means of burners 38 therein. Addi- ment of the ceramic feed material through the appara- 
tionally, the preheat kiln 12 includes a bottom preheat tus. The drawing rate can range from 1 inch per second 
kiln section 40, also heated by means of burners 42. The 25 to 1 inch per ten minutes and the viscosity of the foamed 
flames of the burners 38 and 42 play upon adjacent ceramic from the foaming kiln section to the exit of the 
metallic wall panels so that the heat supply within the drawing kiln is in the range of 1 poise-10,000 poises, 
kiln is indirect. Of course, the rollers 18 are formed of The general physical properties of the resultant product 
refractory ceramic material so as to not be adversely will include a density in the range of 15-90 lbs./ft 3 , a 
affected by the heat generated by the burners 38 and 42. 30 coefficient of thermal expansion of about 7 to 12 X 
Appropriate valves 44 are provided for each burner so \0~ 6 /° C, zero flame spread under ASTM E84 and 
as to permit control of temperature as desired. noncombustibility under ASTM E136. 

In the embodiment depicted in FIG. 1,'the ceramic Referring to FIGS. 3 and 4, the tubular product 76 
feed material 30 includes a foaming agent mixed there- formed as a result of the process is an elongate continu- 
with, and which will be described in more detail herein- 35 ous member of foamed ceramic. As particularly shown 
after. The temperature generated in the preheat kiln 12 in FIG. 4, the foamed ceramic has a cellular structure of 
is at least 500° C, but is below the temperature required closed elongate bubbles 82 having an elongate configu- 
for activation of'the foaming agent. Generally, the pre- ration and, as a result of the drawing process practiced 
heat temperature is in the range of about 500" -750" C. herein, the majority of the bubbles are in substantial 
The preheated mixture of ceramic feed and foaming 40 axial alignment. In other words, the longitudinal axis of 
agent is transported into the foaming kiln section 20 most of the bubbles are extended in the direction of 
which is heated by burners 46 to a temperature which is drawing of the tubular member. With the ceramic feed 
sufficiently high to activate the foaming agent, gener- formulations and conditions hereinafter described, the 
ally in the range of about 800°-1200° C. Activation of bubbles have diameters substantially in the range of 
course, is not instantaneous but occurs over several 45 about 0.01 mm to about 1 cm and lengths substantially 
seconds and the apparatus is designed so that as the in the range of about 2 mm to about 5 cm, the volume of 
ceramic feed material foams it it is transported into the the bubbles constituting about 10% to about 90% of the 
drawing kiln section 22. At the drawing kiln section 22 volume of the elongate member 76. 
the foamed ceramic 48 is further heated by the open Immediately following formation of the cellular ce- 
flames of burners such as at SO and 52, controlled by 50 ramie tubular product, it is conveyed to an annealing 
appropriate valves as at 54. As a result of the natural lehr and maintained therein for a time sufficient to re- 
forces involved in formation of the foamed ceramic 48, lieve strain. The amount of annealing depends, of 
it rises within the drawing kiln section 22. course, on the composition of the glass mix and thick- 

During start-up operation of the process, the initial ness of the product. Initially, the product is annealed at 
amount of foamed glass 48 is gathered by insertion into 55 about 5° C. above its annealing point for a time ranging 
the product of a bait 56, as is known in the glassmaking from about 5 minutes for J inch thick product to i hour 
art. The bait is pulled upwardly, as indicated by the for i inch product and longer, proportionately, for 
arrow 58, through an opening 60 in the roof 62 of the thicker products. The annealing point soda lime glass is 
drawing kiln 22 until it emerges from the opening. After about 545°-555° C; for lead-alkali glass, about 
the bait has drawn out an initial length of foamed ce- 60 430°-435" C; and for borosilicate glass, about 495°- 505° 
ramie product, the gather is thereafter transported by C. The specific annealing point for any particular glass 
means of rollers or other mechanism (not shown) and composition can be approximated using tables of known 
the bait is simply broken away. The gather is continu- annealing points for various compositions, all as known 
ously directed to a forming station to be formed into an in the glassmaking art. 

elongate foamed ceramic product. 65 Thereafter, the product is cooled to just below its 

Referring to FIG. 2, details are illustrated of a panic- strain point over a period ranging from about 5 minutes 
ular forming process which can be used in conjunction to a period which is about § of the time the product is 
with the apparatus of FIG. 1. In particular, a top section maintained above its annealing point. The strain point 
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for soda lime glass is about 505°-510° C.j for lead-alkali lead oxide (PbO), magnesium oxide (MgO), aluminum 
glass, about 390°-395° C; and for borosilicate glass oxide (AI 2 0 3 ), boron trioxide (B 2 0 3 ), and the like. Ad- 
about 455°-520° C. Here too, the specific strain point ditionally, oxidizing or reducing agents, or decolorizing 
can be approximated from known composition-strain or coloring agents can be added, as can opacifying or 
point tables. Finally, the product is cooled to about 50° 5 nucleating agents, as well as excess glass from a previ- 
C. below the strain point over a somewhat shorter per- ous melt such as cullet as generally known in the glass- 
iod and over a still shorter period to room temperature, making art. 

all as generally known in the glass-making art. In addition to the usual oxides found in ordinary 

Referring now to FIG. 5, an alternative embodiment glass, the present invention is found to be particularly 
is illustrated which can be referred to as a tank process 10 suitable for the incorporation of fly ash. Fly ash is usu- 
and which includes a feed section 84, a preheat kiln ally an iron bearing calcium alumino-silicate generated 
section 86, a foaming kiln section 88, which can also be from coal and is usually considered as waste material. In 
referred to as the "tank," and a drawing kiln section 90. conducting the powder process as described with re- 
in this embodiment, the sections are all connected to- spect to FIG. 1, one can add from 1 to 30% fly ash as 
gether and the feed material is continuously moved by 15 filler, thus diluting the ceramic with an inexpensive 
means of auger screw feeders. Additionally, the foam- material yet which provides a product having all the 
ing agent is added to the ceramic feed after preheating desired properties. In conducting the tank process as 
of the ceramic feed. described with respect to FIG. 5, one can use substan- 

Specifically, the feed section includes a hopper 92 tially more fly ash and in fact one prefers to use at least 
into which is fed ceramic feed material 93 which travels 20 50 weight percent fly ash and can conduct the process 
down the elongate neck section 94 to the horizontally entirely with fly ash. Accordingly, one can use from 
disposed preheat section 86. Within the preheat section 50% to 100% fly ash, the remainder, if any, to be consti- 
86 there is located a screw feed 96 with auger flights 98 tuted of the usual glass fonrdng oxides, 
driven by a motor 100 and pitched so as to drive the As foaming agent, one can use any material that is 
ceramic material through the preheat section 86 toward 25 usually used in foaming glass. Accordingly, one can use 
and into the foaming section 88. The preheat kiln sec- inorganic carbonates such as sodium carbonate, lithium 
tion 86 is heated by burners 102, controlled by valves, carbonate, potassium carbonate, dolomite, or inorganic 
such as at 104, so that the material within the preheat sulfates such as sodium sulfate, potassium sulfate and the 
section is heated to about 500°-750° C. like or one can simply use carbon such as carbon black 

The terminal end of the preheat kiln section 86 opens 30 or the like. The amount of foaming agent used can be in 
into a mixing chamber 106. Foaming agent 108 is deliv- the range of about 0.5-20% of the weight of the ceram- 
ered into the mixing chamber 106 by means of a chute ic-forming materials, but lower or higher amounts can 
110 connected thereto and fed from a hopper 112. A be used for specific effects. 

screw feed is located within the mixing chamber 114 The following examples, in which all parts and per- 
and has its auger flights 116 rotated by a motor 118 so as 35 centages are by weight, will further illustrate the inven- 
to direct the ceramic feed 93 and foaming agent 107, as tion. 
a mixture, through a perforated refractory plate 118 

(e.g., of asbestos) into the foaming kiln, or tank, section hxamvlh I 

88. At that section, additional burners 120 heat the mix- A process can be conducted utilizing the apparatus 
ture past the activation temperature of the foaming 40 depicted in FIGS. 1 and 2 to obtain an elongate pole 
agent, to a temperature of 800°C.-1200° C, causing the structure of foamed ceramic having the physical char- 
mixture to foam whereupon it rises as foamed glass 122 acteristics hereinbefore described. As a ceramic feed, 
into the drawing kiln 98. As with the process depicted one can use a mixture of 2% fly ash and 98.0% other 
in FIG. 1, initially a bait is lowered into the drawing glass-forming oxides. As the other glass-forming oxides 
kiln to gather the foamed glass and it is thereby drawn 45 one can use a mixture comprising 73.0% Si02, 13.5% 
out of the drawing kiln 90 and directed upwardly as Na z O, 9.0% CaO, 3.0% MgO and 1.5% A1 2 0 3 . As the 
indicated by the arrow 124, or horizontally as indicated fly ash one can use Ohio fly ash comprising 52. 1 % Si0 2 , 
by arrow 126, to a product forming station. The prod- 32.0% AI 2 0 3 , 3.3% Fe 2 0 3 and 12.6% impurites. As 
uct can be formed into a hollow elongate member as foaming agent one can use calcium carbonate, in an 
depicted in FIGS. 3 and 4 by means of ancillary appara- 50 amount equal to 10% of the weight of the glass-forming 
tus as shown in FIG. 2. In the particular embodiment oxides and fly ash, mixed in therewith, 
illustrated in FIG. 5, the drawing kiln 90 is surrounded Carbon black can be placed on the refractory plates, 
by a shell 128 spaced therefrom. Hot air 130 from the as a release agent. The preheat kiln section can be 
drawing kiln 90 escapes through openings 132 into the heated so that the ceramic feed material attains a tera- 
space between the shell 128 and the drawing kiln 90, 55 perature therein of 650° C, with a maximum of 750° C. 
and is directed back to the burner section below and The foaming kiln section can be heated so that the ce- 
above the preheat kiln section 86 enclosed by horizontal ramie feed mixture attains a temperature therein of 950° 
extension walls 134 of the shell 128. The process is made C. The gather can be drawn at a pull rate of about J 
more efficient by such utilization of the hot air returned inch/second and with a viscosity at the drawing point 
from the drawing kiln. 60 of about 5000 poises. A tubular cellular ceramic product 

In the most general form of the invention, any ce- can thus be obtained having 50% porosity where the 
ramie feed material can be used which will form a glass bubbles constituting the pores have an average diameter 
composition, including glass itself, Of course, silicates of 1 mm and an average length of 4 mm. The product 
(SiOJ such as is the predominate component of sand, is has a thickness of J inch and is annealed at 553° C. for 
the major constituent of most commercial glasses and 65 about 60 minutes followed by a reduction in tempera- 
constitutes a fundamental material in the present ce- ture to about 500° C. over about 40 minutes, and then to 
ramie feed. Additionally, soda (Na 2 0) and lime (CaO) about 450° C. over a period of about 25 minutes, to 
can be used as common ingredients as can potash (K 2 0), room temperature over about 20 minutes. A product is 
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obtained having the general physical properties as here- the drawing point of about 1000 poises. The product.has 
inbefore described. a thickness of i inch and can be annealed using the 
p y a mpt n ■) schedule in Example 1 . A tubular cellular ceramic prod- 
iiAAMl'Lb z uct can thus be obtained having 50% porosity wherein 
The process described in Example 1 can be repeated, 5 the bubbles constituting the pores have an average di- 
but using a ceramic feed mixture in which 10.0 weight ameter of 1 mm and an average length of 4 mm, the 
percent fly ash is mixed with other glass-forming ox- product having the general physical properties as nere- 
ides. The other glass-forming oxides can comprise inbefore described. 



73.6% Si0 2 , 16.0% Na 2 0, 0.6% KaO, 5.2% CaO, 3.6% 
MgO and 1.0% A1 2 0 3 . As the fly ash one ci 



EXAMPLE 5 



EXAMPLE 3 



mprising 32.0% Si0 2 , 20.8% A1 2 0 3 , 34.9% The process of Example 4 can be conducted but one 

Fe 2 0 3 and 12.3% impurities. The foaming agent can be can use a ceramic feed mixture containing 75% fly ash. 
sodium carbonate at a level of 5%. The product can be The other glass-forming oxides can be formed from a 
annealed using the schedule in Example 1, but at 515° mixture containing 80.5% Si0 2 , 4.0% Na 2 0, 0.4% 
G, followed by a reduction in temperature to 465° C, 15 K 2 0, 12.9% B a 0 3 and 2.2% A1 2 0 3 . The fly ash compo- 
then to 415° C. and, finally, to room temperature. A nent can comprise 45.7% Si0 2 , 29.8% A1 2 0 3 , 17.9% 
Fe 2 0 3 and 6.6% impurities. The foaming agent can be 
lithium carbonate at a level of 2.0% . The product can be 
annealed following the schedule of Example 1. A tubu- 
20 lar cellular product can thus be obtained having the 
The process described in Example 1 can be repeated general physical properties hereinbefore described, 
bat one can mix 21.0 weight percent fly ash with other tjya vtpt tj f. 

glass-forming oxides. As such other glass-forming ox- tXAMfLE o 

ides, one can use a mixture comprising 63.0% Si0 2 , The process of Example 4 can be repeated but using 
7.6% Na 2 0, 7.0% K 2 0, 0.3% CaO, 0.3% MgO, 0.2% 25 100% fly ash having the following composition: 44.6% 
B 2 0 3 , 0.6% A1 2 0 3 and 21.0% PbO. As fly ash, one can Si0 2 , 35.4% A1 2 0 3 , 12.4% Fe 2 0 3 and 7.6% impurities, 
use material comprising 50.1% Si0 2 , 33.2% AI 2 0 3 , The foaming agent can be dolomite at a level of 15%. 
10.7% Fe 2 0 3 and 6.0% impurities. The foaming agent The product can be annealed following the schedule of 
can be potassium sodium sulfate at a level of 1 8%. The Example 1. A tubular cellular product is thus obtainable 
product can be annealed using the schedule in Example 30 having the general physical properties hereinbefore 
1 , but at 440° G, followed by a reduction in temperature described, 
to 390° C, then to 340° C, and, finally, to room temper- We claim: 

ature. A product can thus be obtained having the gen- 1. A moldless process for the manufacture of cellular 
eral physical properties as hereinbefore described. ceramic product in which a foaming agent is added to a 

nv .. mE , 35 ceramic feed, said foaming agent requiring a tempera- 

EXAMl-LE 4 ^ m excess of 500 . c for activationi comprising: 

A process can be conducted utilizing the apparatus heating said ceramic feed to a temperature of at least 
depicted in FIGS. 5 and 2 to obtain an elongate pole 500° C. but which is lower than said activation 

structure of foamed ceramic having the physical char- temperature; 

acteristics hereinbefore described. As a ceramic feed 40 thereafter, adding foaming agent to said heated ce- 
material added to the preheat kiln section, one can use a ramie feed to form a mixture thereof; 

mixture of 55.0% fly ash and 45.0% of other glass-form- heating said mixture of foaming agent and heated 
ing oxides. As the other glass-forming oxides, One can ceramic feed to said activation temperature for a 

use a mixture comprising 75.0% SiO^ 10.1% Na 2 0, time sufficient to form foamed ceramic therefrom; 

1.3% K 2 0, 7.3% CaO, 4.8% MgO and 1.5% A1 2 0 3 . As 45 and 

the fly ash, one can use Ohio fly ash comprising 40.3% drawing said foamed ceramic to form said product. 
Si0 2 , 21.5% AI 2 0 3 , 27.5% Fe 2 6 3 and 10.7% impurities. 2. The process of claim 1 wherein said first tempera- 
As foaming agent added separately, following preheat, ture is in the range of about 500° C. to 750° C. and said 
as above described, one can use calcium carbonate at activation temperature is in the range of about 800° C. 
the rate of 10% of the ceramic feed mixture. 50 to 1200° C. 

The preheat kiln section can be heated so that the 3. The process of claim 2 wherein said ceramic feed 
ceramic feed material attains a temperature therein of comprises a major amount by weight of fly ash. 
700° C. with, a maximum of 750" C. The foaming kiln 4. The process of claim 3 in which said product is 
section can be heated so that the mixture of foarning formed by drawing said foamed ceramic while soft, 
agent and ceramic feed mixture attains a temperature 55 around and past a hollow mandrel while air is passed 
therein of 1000° C. The gather can be drawn at a pull through said mandrel, 
rate of about 1 inch per second and with a viscosity at * * * * * 
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heat chamber 6 located above the furnace chamber. 

_ „™™ 3,0S5,184 ,„„ , „ Between the preheat chamber anil the top of the furnace 

MANUFACTURE OF UNIFORM CELLULAR dibber is apparatus for controlling the flow of par- 

Enil Blaha Cbeli^ha^Pa aiisnofto Selas Coroora- licles between thcm - ^ VP"*"* a conically 

T^WCC^i ofTnn- 5 shaped stepper 7 that is supported concentric with chant, 

sylvania ber 2 at its upper end. A sleeve 8 of a diameter smaller 

Filed July 23, 1959, Ser. No. 828,966 than the base of stopper 7 rests on this stopper with 

5 Claims. (CI. 25 — 156) its upper end receiving particles from chamber 6. When 
the sleeve engages the stepper, the flow of particles into 

Trie present invention relates to a cellular ceramic 10 the furnace is slopped. When the sleeve is raised an 

product that is useful as a structural load supporting annular stream of particles flows around the stopper and 

material and the method by means of which the material drops vertically through the relatively quiet atmosphere 

can be made. This application is a continuation-in-part of shatnbsr 2. The particles fall in a straight path with- 

of my application Serial Number 769,279 filed October out engaging the side walls of the chamber. 

24, 1958, now abandoned. 15 The furnace is mounted with its open, lower end ele- 

There is a definite need in the building industry for vated above floor level by supports 9 so that a collecting 

a structural material that can be formed as a panel of apparatus may be located undsr it. The collection ap- 

various thicknesses and densities and is inexpensive to paratus includes a conveyor belt 11 of a width equal to 

manufacture. The material of the present invention has the diameter of the furnucc and jaov-ng below iu open 

these desirable characteristics, and, in addition, is non- 20 end. The belt may be used to carry molds, but is shown 

absorbent to mcisture so that it may be used as an out- herein as being provided with sides 12 so that it forms 

side wall. a channel in which the bloated particles are collected. 



a object of the invention to provide a cellular The belt moves over guide rollers 13, one of which se 

ceramic materia; that can be used for structural or other as a drive and may be driven at a desired speed by a 
purposes and can be formed as a panel of various thick- 25 conventional variable spied motor. The upper reach of 
nesses and densities. It is a further object of the in- the conveyor is supported by a table 14. 
vention to provide a panel of cellular material that is At times it may be desirable to compact the material 
srifSciently strong to be used for structural purposes. as it is collected. This can be accomplished by a roller 
In practicing the invention, material of selected com- 15 that is positioned above the conveyor belt adjacent 
position is formed into small particles of a uniform size. 30 to the furnace. At times it may also be desirable to re- 
These particles are dropped through a zone at a tern- inforce the material as it is being made. To this end 
perature sufficiently high to fuse and bloat them into in- there is provided a stand 16 beyond the end of the con- 
dividual hollow spheres of unicellular or multicellular veyor which supports a reel 17 of reinforcing material, 
form. These spheres are collected while their surface As shown herein, the reinforcing material comprises a 
is still tacky. As the spheres cool they will fuse to- 35 plurality of wires 18 that are side by side and extend 
gether to form a slab of cellular material that is com- along the belt between sides 12. It will be apparent that 
pletely impervious to moisture and has sufficient strength a wire mesh fabric could be used instead of wires if it 
to be used for structural purposes. was so desired. 

The various features of novelty which characterize my In practicing the invention, the raw material used 

invention are pointed out with particularity in the claims 40 can be of any desired composition as long as it has the 

annexed to and forming a part of this specification. For characteristic of bloating when heated to its fusion tem- 

a better understanding of the invention, however, its perature. The bloating occurs as a result of the release 

advantages and specific objects attained with its use, of C0 2 or other gases from the material during heating, 

reference should be had to the accompanying drawings Such materials include any of the natural clays and many 

and descriptive matter in which I have illustrated and de- 45 mixtures of materials that form essentially a glass batch, 

scribed a preferred embodiment of the invention. A specific mixture that is essentially a glass batch which 

In the drawings: will produce a strong, rigid product may be- 

FIG. 1 is a diagrammatic view of a particle bloating sjlica ^ % fey 

"Sa 2 is a view taken on line 2-2 of FIG. 1, 60 V™. , aQd/or magnesia 12 T 25% ^ wei 8 ht 

FIG. 3 is a view of the material produced, and 



- balance. 



FIG. 4 is an enlarged view of the surface of the mate- The raw batch incorporates the lime and magnesia at 
rial. least partially as carbonates. This material has a melt- 
Apparatus with which the material can be prepared ing range of from 2100 F. to 2800 F. 
will first be described. This will preferably include a * 5 In preparing the material, the clay, or, if a glass, the 
tower furnace like that shown in my copending applica- thoroughly mixed ingredients of a batch, are moistened 
tioa Serial Number 652,027 filed April 10, 1957, now sufficiently so that they will assume the consistency of a 
abandoned. Such a furnace is shown diagrammatically plastic mass. This mass is then broken up into small 
in the drawing. Referring to FIG. 1, there is shown a particles of a uniform size of about % 6 to 1/8 inch long 
tower furnace 1 that includes a vertically extending cylin- 60 and about Yi2 inch in diameter. The particles are dried 
drical furnace chamber 2 which is provided around its and are then in condition to be fused. Thus the start- 
lower portion wi'.h a plurality of radiant cup type burn- ing material is formed into discrete particles of substan- 
ers 3 that are located behind a refractory checkerwork 4. tially the same size, and the particles are substantially dust 
The burners are supplied with a combustible mixture of free. 

gas and air and produce radiant heat that is directed 68 The particles are placed in preheat chamber 6 in suffi- 
toward the checkerwork and the center of the furnace cient quantities to keep the sleeve 8 filled at all times 
chamber. The checkerwork serves to break up any for- while the furnace is in operation. Hot products of corn- 
ward movement of the combustion gases and becomes bustion from the furnace chamber passing through ducts 
incandescent to direct radiant heat across the furnace 5 into chamber 6 will preheat the particles to a tempera- 
chamber. The hot products of combustion rise in the '° hire slightly below the point where their surfaces will be- 
furnace chamber with a minimum of turbulence to pass come tacky. 

through a series of ducts S that discharge into a pre- When sleeve 8 is raised an annular stream or column 



of particles will fall through furnace chamber 2. By the 
time the particles pass in front of checkerwork 4 they will 
hare been heated predominately by radiant heat to above 
their fusion temperature which will range from about 



While in accordance with the provisions of (he statutes, 
I have illustrated and described the best form of embodi- 
ment of my invention now known to me, it will be appar- 
those skilled in the art that changes may be made 



2100 F. to 2800 F. depending upon the composition of 5 in the form of the apparatus disclosed without departing 
the starting material. As this take place, the gas gen- * 
erated in the particles causes them to expand or bloat into 
hollow spheres. The size of the spheres will be deter- 
mined somewhat by the time they are above fusion tem- 
perature with the spheres growing with increased time. 
Since, however, the particles are originally substantially 
the same size and they will take the same time to fall 
through the furnace, the spheres will also be substantially 



the sa 

The spisies fall on belt 11 or 
and will be collected to a thickness depending upon the 
speed of the belt. As the surface of the spheres is still 
tacky when they land on the belt they will stick or fuse to 
each other to form a slab of cellular, agglomerated mate- 
rial. The initial batch used whether a clay or a form of 
glass will produce individual spheres and a slab, having a 
glazed or glasslike surface. The material, being made of 
individual cells, is non-porous and will not absorb water. 

Ordinarily the slabs produced will have a density of 



the spirit and scope of the invention set forth in the 
appended claims, and that in some cases certain features 
of roy invention may be used to advantage without a cor- 
responding use of other features. 
■What is claimed is: 

1. The method of forming an agglomerated structural 
material which comprises dropping individual particles 
of a mixture capable of forming a vitreous material and 
having the characteristic of bloating and becoming tacky 

mold carried thereby 15 on its surface when heated, vertically downward under 
the force of gravity through a fusion zone, heating said 
particles above their fusion temperature as they pass 
through said zone whereby said particles are bloated into 
individual hollow bodies, collecting the bodies in a mass 
while their surfaces are still tacky whereby the bodies will 
stick together to form a body of cellular agglomerated 
material, and cooling said material to form a body of rigid 
material. 

2. The method of claim 1 including collecting said 



from 18 to 35 pounds per cubic foot, depending upon the 25 bodies on a moving surface, moving said surface past a 



w material. A slab of a density of 42 pounds per cubic 
foot will have a compressive strength in excess of 1200 
pounds per square inch. The density of the slab can be 
increased by compressing it and forcing the individual 
spheres closer together. This can be accomplished, if SO 
desired, by moving the slab under roller IS that is located 
close enough to the point of collection so the material 
has not cooled to a point where it is rigid. The density 
of the slab is varied by varying the amount it is com- 
pressed. If the slab is to be reinforced, wires 18 are 35 
threaded along the belt. The spheres will then build up 
around the wires so that they are completely embedded 
therein. 

The lower surface of the slab will be smooth as deter- 
mined by the surface of the belt. The upper surface will 40 
be glazed and will have an interesting pebbled pattern 
created by the spheres. The surface, however, is con- 
tinuous. After the slab is formed it can be cut by ordi- 
nary masonry cutting tools to any desired shape and 



point of collection below said fusion z< 
the bodies collected thereon will build up to a desired 
thickness. 

3. The method of claim 2 including compressing the 
material collected on said moving surface to increase its 
density prior to the time it has cooled enough to become 

4. The method of claim 2 including placing reinforc- 
ing material above said moving surface and collecting 
the bodies around said reinforcing material. 

5. The method of making a cellular structural material 
' ' 1. Hi' s, dropping a bloatable material in the 
form of a multiplicity of small particles of substantially 
the same size of a mixture capable of forming a vitreous 
material and of becoming tacky on its surface when 
heated vertically downward under the force of gravity 
through a fusion zone, rapidly heating said particles to 
fusion temperature as they fall through said zone where- 
by they will be individually bloated to spherical form, col- 



The cut surface will have, as shown at 19 in the drawing, 45 lecting said particles below said fu ion one wl 1 

a multiplicity of holes formed by the spheres that were ...... 

cut. Since the interior of the spheres is also glazed and 
the pores or cells are discontinuous, a cut surface is as 
water proof as the original. In some cases it may be 
desirable to sprinkle a granular material such as sand on 
the belt before the spheres are collected. When this is 
done they will stick to the sand to produce a rough sur- 
face to which plaster, for example, will adhere. 

The method of making the slab by collecting the spheres 
one on top of the other insures that the slab produced will 
have a uniform cellular structure throughout its thickness. 
After the slab has been formed it can be annealed, if 
necessary, to remove any internal strains that it may 
have. Thus there is produced a strong, rigid slab of 
material that has a uniform cellular structure. This 



surfaces are still tacky as a mass of cellular material, 
gradually moving said mass from the collection point to 
form a slab, and cooling said mass so that it will become 

0 II8ld ' 
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ABSTRACT OF THE DISCLOSURE 

A method of preparing an unfoamcd, foamable glass 
mass containing undissolved, entrapped, compressed gas 
which comprises melting a glass mass under at least 100 
p.s.i. pressure of an inert gas, and maintaining said pres- 
sure during cooling until said mass has solidified. 



This application is a continuation-in-part of copending 
applications Ser. No. 523,528, now abandoned, filed 
Jan. 28, 1966, and Ser. No. 510,418, now abandoned, 
filed Oct. 1, 1965. Parent application Ser. No. 523,528, 
is in turn a conlinuation-in-part of Ser. No. 204,048 
now abandoned, filed June 19, 1962. 

It is an object of the present invention to provide a 
novel solid essentially uufuaiiiucl foamable granule which 
is substantially non-friable, vitreous, may be readily 
handled and shipped, and which is infinitely storable. 

Another object of the invention is to provide a novel 
method of synthetically preparing a soiid unfoamed 
foamable granule. 

A further object of the invention is to provide a method 
of molding foamable granules as defined herein in a 
mold to provide a shaped molded foamed inorganic 
article of low density and uniform small cell size. 

In accordance with the present invention, solid un- 
foamed foamable granules are prepared by (1) heating 
a comminuted inorganic glass-forming material mixture 
having a silicon dioxide content of at least about 50 
weight percent under a gas pressure of at least about 
100 p.s.i. at a temperature sufficient to melt the inorganic 
glass-forming mixture into a vitreous mass and entrap 
compressed interstitial gas, and (2) cooling the vitreous 
mass to a temperature sufficient to solidify the same 
while maintaining such mass under a pressure of at least 
about 100 p.s.i., thereby to produce a solid glass-like 
unfoamed foamable product which, as an optional addi- 
tional step in the process, may be ground to suitably sized 
foamable granules of, e.g. from about W to about 1", 
preferably Va" to Vi". 

As a unique product, the solid unfoamed foamable 
pressurized granules of the present invention are char- 
acterized as an essentially unfoamcd glass-like solid 
which may be foamed upon subsequent heating, the solid 
granule having a density approaching that of vitreous 
glass. For example, solid unfoamed granules made in 
accordance with the present invention employing about 
1000 p.s.i. pressure both during the heating and cooling 
operations have a density of about 2.035 grams per cubic 
centimeter, or about 90 percent that of the vitreous silica 
(2.295 gm./cc. density). In any event these unique un- 
foaaied, foamable glass-like masses or granules are 
normally characterized by a density of at least about 
2.0 grams per cubic centimeter. In appearance these 
granules essentially resemble poorly fined glass particles 
and upon microscopic examination are somewhat more 
opaque than ordinary glass. These synthetic unfoamed 
foamable granules have the advantage of being essentially 



non-friable, indefinitely storable, and shippable without 
damage or hazard. A potential user may order such 
granules in bulk, and use as necessary without fear of 
damage and the like. Moreover, large voluminous storage 
areas are not required, as would be in storing a foamed 
material. 

The term "glass-forming materials" as used herein 
refers to a composition which contains at least about 
50 weight percent silicon dioxide, the balance being com- 

10 posed essentially of one or more other glassforming sub- 
stances. The chemical composition of the glass is given 
in terms of boric oxide, phosphorous pentoxide, germa- 
nium oxide and the like, and/or minor amounts of one 
or more glass modifiers such as potassium oxide, sodium 

15 oxide, calcium oxide, magnesium oxide, and the like. 
These compositions are produced by using such chem- 
icals as borax, calcium phosphate, sodium or potassium 
or calcium carbonate and magnesium oxide. The glass- 
forming materials used herein as defined may either be 

20 in crystalline or in vitreous form. 

Any comminuted inorganic glass-forming material 
which contains at least about 50 percent silicon dioxide 
is applicable as a starting material in making the syn- 
thetic solid unfoamed foamable material of the present 

25 invention. When the silicon dioxide content is below the 
indicated level, the resultant foamed product is gen- 
erally at least partially soluble in water and less stable 
to chemicals and thermal shock. 
It is often advantageous to subject foamed articles 

30 produced from the foamable material of the present 
invention, containing less than about 99 weight percent 
silicon dioxide, to temperatures sufficient to anneal the 
same following formation thereof to obtain maximum 
strength properties. It is normally unnecessary to anneal 

35 foamed articles produced from foamable glass contain- 
ing at least about 99 weight percent silicon dioxide. 

Examples of typical commercial inorganic glassform- 
ing materials that may be employed in the practice of 
the invention to make the present novel solid unfoamed 

40 foamable mass or granule are shown in the following 
Table I. Vitreous silica which is non-crystalline, e.i. 
ground fused quartz, can also readily be employed in the 
invention. 



55 i After fusion. 

_ Generally, it is preferable in the practice of the inven- 
tion, that the comminuted inorganic glass-forming mate- 
rial be of a very fine texture, approaching that of a 
powder. Beneficially, the glass-forming material should 
be sized to pass at least a 50 mesh screen, and preferably 
a screen between 200 and 325 mesh. Larger sized parti- 
cles may be used but lower expansion and larger cells 
may result in the resultant foam. 

The temperature that must be used in heating the com- 
minuted inorganic glass-forming material is that which is 
at least the softening point of the material. Generally, it 
is preferred to heat such materials using the lowest pos- 
sible temperatures to minimize migration of any com- 

y 0 pressed gas within the heated mass. 

Temperatures between about 600° C. and 1800° C. 
are generally sufficient to melt the materials described 
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herein, depending for the most part upon the silicon di- 
oxide content of the material. It is generally preferred to 
melt materials composed essentially of silicon dioxide, 
that is, materials having a silicon dioxide content of about 
99 weight percent at temperatures of about 1650° C. to 5 
1750° C. 

The temperature required to melt the comminuted in- 
organic glass-forming material may be lowered by inti- 
mately admixing with the glass-forming material prior 
to melting of the same, of small amounts of glass-modi- in 
Hers which do not induce excessive divitrification. Repre- 
sentative of such glass-modifiers are boric oxide and cer- 
tain coloring agents such as cobalt oxide. 

In order to obtain the uniform, small, closed cell foam 
upon subsequently heating the solid unfoamed foamable 15 
granules made in accordance with the invention, the in- 
organic glass-forming material must of necessity be pres- 
surized with a suitable gas prior to being melted. Ordi- 
narily, a gas pressure of at least 100 p.s.i. is employed, 
and preferably, between about 200 p.s.i. and 800 p.s.i. 20 
is utilized for superior uniformness of cell structure 
through the resultant foam. Because of the reactivity of 
many gases with the materials of construction in the fur- 
nace or enclosed chamber in which the material is fused, 
inert gases such as nitrogen and argon are preferably em- 25 
ployed. However, many other gases such as carbon di- 
oxide, ammonia, and suitable mixtures thereof, among 
others may be employed. 

It is to be noted that many of such gases are known to 
be somewhat soluble in the glass-forming materials de- 30 
scribed herein. Thus, in the practice of the present inven- 
tion, the cooled, pressurized solid unfoamed vitreous mass 
will contain dissolved gases in addition to compressed un- 
dissolved gases. It is not possible, however, to introduce 
an adequate amount of gas into the mass after melting. 35 
In any event the solid unfoamed foamable material should 
contain sufficient gas or gases to expand such material 
at least about two and preferably five volumes upon sub- 
sequently heating same to elevated temperatures, e.g. in 
a mold, at normal atmospheric pressures. 40 

It is also to be noted that cellulation of the final foamed 
product may be somewhat enhanced by intimately admix- 
ing with the comminuted inorganic glass-forming mate- 
rial prior to melting, small amounts of a conventional gas 
generating substance. However, such cellulating agents 45 
are not essential in the present invention. 

Carbon black is an example of such a gas generating 
substance and may be employed in a range of, for ex- 
ample, 0.01 to 0.5 weight percent and preferably between 

0. 05 and 0.2 weight percent based on the weight of the 50 
glass-forming material, dependent upon the degree of cel- 
lulation desired. It, too, should be in very finely pulver- 
ized or pigmentary form, for example, wherein at least 

95 percent of the charge may be passed through a 325 
mesh screen. Other finely pulverized carbon or carbon- 55 
aceous material such as powdered coal may also be mixed 
with the solid comminuted inorganic glass-forming mix- 
ture of the present invention in amounts of between 0.01 
and 0.5 percent by weight, dependent somewhat upon the 
degree of cellulation desired and the material employed. 60 

Other commonly used gas-generating substances found 
to be suitable for the purposes of the present invention 
include, but are not restricted to, inorganic carbonates, 

1. e. magnesium carbonate; silicon monoxide, metals, i.e. 
silicon metal, silicic acid, magnesium nitride, and suitable 65 
mixtures thereof. Typically about 5 weight percent of sub- 
stances of these types would be added. 

In a preferred embodiment of the method of the pres- 
ent invention for preparing synthetic solid unfoamed foam- 
able granules, a comminuted inorganic glass-forming 70 
quartz material in a mesh size of from about —200 to 
about -|-325 mesh, having a composition as set forth in 
Example I, is enclosed in a chamber or mold cavity and 
pressurized by a gas such as nitrogen or argon either in 
or about the mold cavity preferably to at least about 200 75 



p.s.i. to form a pressurized vitreous mass, and cooling the 
mass under at least 200 p.s.i. of pressure to solidify same, 
and optionally granulating the cooled mass to produce 
synthetic solid unfoamed but foamable granules. In gen- 
eral, the operating conditions of the method of the pres- 
ent invention for making granules should be adjusted suf- 
ficient to cause expansion of the granules when subse- 
quently reheated and foamed at least about two volumes 
and preferably five volumes, at normal atmospheric pres- 
sure. 

Synthetically prepared foamable granules, such as the 
novel solid unfoamed foamable granules prepared by the 
method of the present invention, and other synthetic foam- 
able granules not necessarily prepared in accordance with 
the present invention, which may be stored until needed 
then foamed and cast in a mold to successfully make low 
density, shaped, foamed articles conforming in dimension 
closely to a mold cavity, have heretofore been unknown. 

These synthetically prepared, foamable granules, in- 
cluding the solid unfoamed pressurized, foamable 
granules of the present invention may be heat foamed or 
expanded and molded in a closed mold to form a foamed 
glass article of predetermined density. In this process heat 
foamable granules are introduced into a closed cavity of 
a mold and the mold and contents healed to effect foam- 
ing. The foamed mass is cooled at least to a point where 
its structure is essentially rigid enough to be self-support- 
ing whereupon it may be removed from the mold, an- 
nealed in an oven and/or further cooled to room tem- 
perature. The amount of foamable granules to be intro- 
duced into the mold may be predetermined and are de- 
pendent primarily upon the desired density of the foam. 
The size of the granules should be small with respect to 
the smallest interstices of the mold and preferably at 
least as fine as Ve to V4 inch. 

When a borosilicate foam is prepared, carbonates such 
as sodium and potassium carbonate, are desirable addi- 
tives, giving ;!ow density moldings (below 10 lbs. ft. -3 ). 
The carbonates are added at about 5% by weight. When 
carbon or silicon is used as an auxiliary blowing agent 
the amount is kept much smaller (less than 0.5%) in 
order to get a white foam. Pressurization is preferably 
conducted, e.g. at 1200° C. and molding is preferably 
done at 775-825° C. 

The temperature that must be used to cause the solid 
pressurized vitreous mass to expand is that which is at 
least the softening point of the mass. Generally, tempera- 
tures ranging from about 60 centigrade degrees above the 
annealing point of the mass (A.S.T.M. designation C 
336) to about 300° C. above the softening point of the 
mass (A.S.T.M. designation C 338) are employed. These 
temperatures generally provide a mass having a viscosity 
between 10 s and 10 12 poises. The preferable viscosity 
range being between about 10 6 and 10 7 - 5 poises. Generally, 
foaming temperatures between about 600° C. and 1800° 
C. are employed. 

Although the solid, glass-like, unfoamed, foamable, 
pressurized glass granules produced by the method of tbe 
present invention are very satisfactory for carrying out 
the molding process, it is to be understood that any of a 
variety of heat foamable glass granules can be molded in 
accordance with the presently disclosed molding process. 
For example, in addition to the solid unfoamed foamable 
granules prepared by the process disclosed herein, molded 
foamed articles can be fabricated using synthetic glass 
compacted granules produced in the following manner: A 
particulated glass mixture is provided comprising (1) a 
pulverised glass containing at least about 50 weight per- 
cent of Si0 2 whose softening point is between about 
700° C. and about 1800° C., (2) one or more gasing 
agents capable of producing gases over the foaming tem- 
perature Tange where the molten glass mixture has a vis- 
cosity of e.g. from about 10 5 G to about 10 S1 poises, and 
(3) a water soluble binder material which preferably 
becomes a component of the glass during the molding 
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and foaming operation, is provided in particle size the 
particles of which preferably do not exceed 50 mesh U.S. 
Standard Sieve and preferably contain particles at least 
50% of which are as fine or finer than 400 mesh. This 
glass mixture is admixed with a liquid such as water, 
compacted, e.g. in an inclined pan gramilator, and dried 
into foamable compacts of pellets or balls having a size 
preferably of from about Va to 1 inch in cross-section, 
said pellets having an apparent density of at least 50% of 
the absolute density cf the glass mixture being employed. 10 
The resulting pellets are used in the novel molding proc- 
ess described directly hereinbefore. 

Foams obtained from these compacted materials are 
characterized by cells of size less than 3 mm. but normally 
not as fine as those obtained with the previously described 15 
pressurized glass granules. 

Thus, a highly advantageous and beneficial foamed 
glass may be produced having excellent and superior 
properties, particularly in regard to the manufacture of 
articles such as structural materials requiring strength, 20 
resistance to weathering, impermeability to water and 
other liquids and having smooth easily cleaned finished 



6 



about 600° C. foams to substantially homogeneous 
cellukr structure. 

The following examples, wherein all parts and percent- 
ages are to be taken by weight, illustrate the present in- 
vention but are not to be construed as limiting its scope. 
Example 1 

In each of a series of experiments individual charges 
of quartz having the following compositions by weight 
were comminuted to a particle size sufficient to pass 
through a 325 mesh screen and were individually melted 
under 'pressure in a furnace containing a nitrogen or 
argon inert atmosphere. 

Ingredient: Percent 

Si0 2 99 

A1 2 0 3 0.07 

MgO .~III.III._II 0.0005 

Fe 2 0 3 0.03 

K s O 0.013 

Ti0 2 0.008 

PbO a O.0O2 

Each pressurized, metal mass was individually solidified 



1 temperature in the furnace 
at the same pressure employed during heating. 

Table II shows the conditions used for melting under 
pressure and cooling under pressure. 

TABLE II 



absence of a gray or black color commonly observed 
conventionally prepared foams since cellulating agents 
are not required. Thus, various coloring agents may be 
incorporated in the comminuted inorganic glass-forming 
materials to form foamable granules for producing 30 
brightly colored expanded molded articles. If carbon is 
used, however, it can be used so efficiently as to be con- 
sumed leaving no black residue. 

As purely exemplary of foamed articles derived from 
the present invention are: structural blocks, planks, 35 
panels and the like for exterior use, insulating board, and 
expanded vitreous pellets and articles made by fusing 
together such expanded vitreous pellets. Such articles are 
characterized by having a cell size less than 1 millimeter 

and generally less than 0.3 millimeter, at least 80 percent 40 having a glass-like appearance and densities such a: 
closed cells and often 100 percent closed cells, and a 2.15 g./cc. in sample (1) one. The density of a sample 
density of less than about 60 pounds per cubic foot and of the fused quartz not melted and pressurized in ac- 
generally less than 20 pounds per cubic foot. These cordance with the present invention was determined to be 
articles also have an essentially smooth facing surface 2.295 g./cc, thus the above solid foamable mass had a 
and when such articles are formed in a mold a durable 45 density of 94% of the solid fused quartz, 
skin is formed on their outer surfaces, such skin having v , 

an integrity of structure and strength characteristic of .example z 

a laminate. A charge of the composition of Example 1 was mixed 

Foamed articles derived from the present invention with 0.1 weight percent lampblack and was heated in 
can be cemented together with additional bonding agents, 50 a high pressure furnace at a temperature of between 
fillers, or reinforcing wire or fibrous materials to produce 1750° C. and 1760° C. for one hour under SOU p.s.i. of 
articles having a much stronger bond than articles pro- nitrogen pressure, then cooled to room temperature at 



e obtained 



duced by cementing particles of a ground or cut foam. 
Preferentially, such bonding agents, fillers, or reinforcing 
wire should have a coefficient of expansion similar to 5 
that of the expanded article into v/hich they are incor- 
porated. Additionally, expanded pellets can advan- 
tageously be used to surface concrete in color or to 
surface a tar roof in color without sinking. Foamed pellets 
as described herein, as well as articles formed by fusing 6 
together such foamed pellets may also be useful for ap- 
plications combining buoyancy and impermeability in 



the same pressure. The mass was ground to granules 
which had a density of 2.04 g./cc. or 89% of theoretical 
solid glass density. 

Example 3 

A charge of the composition of Example 2 including 
the 0.1 weight percent lampblack was heated in a high 
pressure furnace for 1 hour at a temperature of 1750° C. 
under 600 p.s.i. nitrogen pressure. The mass was cooled 
to room temperature at the same pressure and ground to 
granular form. The density of the unfoamed foamable 
granules was 2.02 g./cc. of 88% of theoretical. 



The foamable granule or granules, which include the 
pressurized unfoamed foamable granules of the invention 65 Example 4 

and the disclosed compact foamable granules as well as A charge of the composition of Example 1 was mixed 
any other foamable granules regardless of how made, with 0 .1 weight percent lampblack. The mixture was 
which may be molded and foamed m a closed mold in ac- ie2ted to 1750° C. for 1 hour in a high pressure furnace 
cordance with the present invention are defined herein as „ nder 500 p. s .i. nitrogen pressure, then cooled under the 
unfoamed stable, verifiable, synthetically prepared, 70 same pressure . The fina , ound foamafcle les had 
densified, foamable, discrete masses, having a silicon di- a densi!y o{ 2 .10 g./cc. or 91.5% of theoretical, 
oxide content of at least about 50 weight percent, and 

containing means for expanding said mass on heating Example 5 

homogeneously distributed throughout said mass, which A quartz charge of the composition described in Ex- 
mass on heating to a temperature of preferably at least 75 ample 1 was mixed with 0.1 weight percent lampblack 
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and was subsequently heated and melted in a high pressure an 8 mesh screen was molded at 1600° C. for 0.5 hour 

furnace operating at 1800° C. under 600 p.s.i. of nitrogen in a graphite mold (l!/s x l'/a x 5 inch). A molding 

pressure for one hour, then cooled to room temperature temperature above 1650° was used to produce a white 

in the furnace at the same pressure, and when cool, foam having a large cell size. Prefoaming at 1450° 

ground to a particle or granule size of —10 |+16 mesh. g for 10 minutes produced bulk density foams of 20 to 

The granules were solid unfoamed foamable discrete 30 lbs. ft.- 3 . Foam moldings having 25 lbs. ft.- 3 were 

masses having a density similar to that of Example 1, i.e. made by using either unfoamed or prefoamed granules 

2.15 g./cc. or a mixture of both. 

About 47 grams of the granules were placed in a Example 10 

graphite mold the dimensions of which were 1 inch by 1 10 

inch by 6 inches, and which allowed expansion against A composition was prepared by mixing 71.69 parts 

a back pressure. The granules were heated for one hour silica, 13.08 parts sodium tetraborate-5 H 2 0, 7.14 parts 

at atmospheric pressure and a temperature of about 1675° 'boric oxide and 8.09 parts nepheline syenite. Analysis 

C. After 'cooling, a well molded, white, foamed article of the nepheline syenite gave the following: 60.4% 

having substantially all closed, uniformly spaced, fine cells, 15 silica, 23.6% alumina, 9.8% soda, 4.6% potash, 

a smooth skin-like exterior surface, and a density of about A quantity of the above composition was heated in a 

27 pounds per cubic foot was obtained. furnace operating at 1200° C. under 500 p.s.i. nitrogen 

, pressure for one hour. The material was cooled under 

example t> ^ same pressure and subsequently ground. The un- 

An inorganic glass-formir.g material having the follow- 2 0 foamed, foamable granules were then sized by screening, 

ing weight composition and a softening point of about A 78.9 gram quantity of the foamable granules in a 

819° C. was ground up to pass a 325 mesh screen and size range of minus 8, plus 12 U.S. mesh was placed in 

was subsequently melted in a high pressure furnace at the bottom of a 2 inch x 2 inch x 10 inch stainless steel 

1200° C. under 500 p.s.i. of C0 2 pressure for one hour. rectangular mold. The mold and granules contained 

Percent 25 tnerein were P Iace d in an oven at 900° C. for 15 minutes, 

"t which time they were removed and allowed t 



Si0 2 
A1 2 0 3 . 
B 2 0 3 . 



The mold was opened to reveal a well defined block of 
foamed glass with a density of 6.9 lb./ft. 3 . 



Na 2 0- 4.3 Example 11 



K a O ZI""Z"II"""__" 0.4 30 



Using the same mold and foamable granules t 



utner uj Example 10 the molding method was repeated with an 

The resultant solid unfoamed foamable mass was sub- added annealing step. 158 g. of the foamable granules 

scquently heated at a temperature of 965° C. for five were placed in the assembled mold. The mold and con- 

minutes to form a white foam-like article having a cell 35 tents were placed in an oven at 840° C. for 15 minutes, 

size of from 0.1 to 0.8 millimeter and a density of 8 The mold and foamed contents were removed from the 

pounds per cubic foot. oven and placed in an oven at 650° C. In 50 minutes 

Example 7 ^ tem P erature of the oven nad dropped to 575° C. at 
which time the mold was stripped from the foamed glass 

A commercially accepted soft glass having a silicon 40 block. The annealing continued for another 70 minutes 

dioxide content of about 50 percent was ground to a at which time the foamed block was removed from the 

particle size sufficient to pass through a 200 mesh screen oven at a temperature of 400° C. The foamed glass block 

and melted in a furnace operating at 1000° C. under was a well molded strong sample with a density of 11.9 

500 p.s.i. nitrogen pressure for a period of two hours. The lbs./ft. 3 . 

melted mass was cooled in the pressurized furnace to 4g Example 12 

"Z^^^S^^t 7*. ««* — in a Mtuler 

tween 630° C. and 700° C. with a total foaming time ™xei. 

of less than one-half hour. The resulting foamed article 50 pounds ferro glass No. 3 124 

was nearly white with a very pale yellow cast, a density - n 5 pounds calcium carbonate 

of 24 pounds per cubic foot, and a cell size essentially 13 P° un ds 5 percent gum arable in water solution as a 

between 0.1 and 0.3 millimeter. bmder 

Pvsmnlp s Feno glass No. 3124 has the following composition by 

example 0 wighl: M J% Ca0> QJ% ^ g J% g3% 

A quartz charge having a composition as described gg AI 2 0 3 , 13.7% B 2 0 3 , 55.3% Si0 2 . 

by Example 1, was admixed with 0.1 weight percent The mud material from the Mullcr was balled or com- 

lampblack and melted in a furnace operating at a tcm- pacted into foamable granules in a rotating pan granu- 

peratureof 1750° C. under 100 p.s.i. nitrogen for a period lator with a heated retaining edge. The compacts were 

of one hour. The resulting pressurized mass was cooled in screened to a size of between 0.371 and 3.5 inch, dried in 

the pressurized furnace to normal room temperatures' to an air oven at 150° C. for one hour and then exposed 

provide a solid unfoamed foamable mass which was for four minutes in an 830° C. oven to burn out the 

subsequently ground to a particle size sufficient to allow binder. So-prepared the compacts had an apparent den- 

the individual granules to pass through a 10 mesh screen ' sity of over 50 percent of the absolute density of the 

and to be retained on a 16 mesh screen. The granules glass mixture being employed. 

were then reheated at atmospheric pressure at a tempera- .„ Molding was carried out by taking such balls out of 

turc of 1650° C. for a period of ten minutes, to form 0 storage, putting a predetermined amount into a 2 x 3 x 6 

white foamed pellets having a density of about 31.5 pounds inch mold, and heating for 16 minutes at 800° C. The 

per cubic foot. balls foamed and filled the mold. The molding was an- 

Example 9 nealed for one hour at 435° C. and cooled at the rate of 

A quartz charge having the composition as described 70 2 ° C : f r minu ^ e - The foamed article has the following 

by Example 1 was mixed with lampblack (0.1%) and physical properties: 

melted at 1750° C. for 1 hour under 500 p.s.i. nitrogen Density lb./ft. 3 _. 9.42 

pressure. The melt was cooled without releasing the Cell size mm.. 0.6 

pressure. The glass was crushed and screened. The por- Percent open cell (approx.) 18 

tion retained on a 12 mesh screen but passing through 75 Compressive strength p.s.L. 129.6 
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What is claimed is: 5. A method of heat forming a foamed glass article 

1. A method for preparing a solid, glass-like, un- comprising: introducing unfoamed, foamable, discrete 
foamed, foamable, pressurized mass comprising: heating granules containing undissolved, entrapped, compressed 
a comminuted inorganic glass-forming material having a gas into a mold cavity in an amount to obtain upon foam- 
silicon dioxide content of at least about 50 weight percent g ing a foamed glass article of a predetermined density and 
under an applied gas pressure of at least 100 p.s.i. of a gas a shape conforming substantially to the mold cavity con- 
which is essentially unreactive with said glass-forming figuration, closing the mold containing said granules, 
material to a temperature sufficient to melt said material heating said mold and contents to a temperature of from 
into a vitreous mass containing said gas undissolved but about 600° C. to about 1800° C. to effect foaming of the 
entrapped and compressed therein and, maintaining said 10 granules, and cooling the foamed article resulting at 
vitreous mass under an applied gas pressure of at least least to a point where its structure is substantially rigidly 
about 100 p.s.i. until said mass has cooled to a solidified, self-supporting. 

pressurized, essentially gas impermeable, unfoamed but 6. A solid pressurized, unfoamed, vitreous, foamable 

foamable glass-like material containing undissolved, en- mass having a silicon dioxide content of at least 50 

trapped, compressed gas. 15 weight percent containing undissolved entrapped, com- 

2. The method of claim 1 wherein said applied gas pressed gases. 

pressure is maintained between about 200 to about 800 7. The solid, pressurized, unfoamed, foamable mass 

p.s.i. during melting of the comminuted inorganic glass- of claim 6 containing a small amount of a gas-generating 

forming material and cooling of said unfoamed, foam- substance capable of generating gas at a temperature suf- 

able, vitreous mass. 20 ficient to soften said solid vitreous mass. 

3. The method of claim 1 including the additional step 8. The unfoamed, foamable, pressurized mass of claim 
of granulating the solidified, vitreous, pressurized mate- 6 characterized by having a density of at least about 
rial. 2.00 grams per cubic centimeter. 

4. A method of producing a foamed cast article con- 

forming in shape to the mold cavity configuration in 25 References Cited 

which cast consisting essentially of: introducing un- UNITED STATES PATENTS 
foamed, synthetically prepared, discrete, foamable gran- 
ules containing undissolved, entrapped, compressed gas 



6/1943 Lytle 65—22 



_ .aving a' ilic n'dS ^3^75^ 2,736.142 2/1956 Baumler et a, 

weight percent and containing means for expanding upon 30 3 ' 355 ' 273 11/1967 Siegmund et al 65-4 

heating said discrete granules distributed homogeneously BASHORE, Primary Examiner 
throughout into a closed mold in a predetermined amount ' ' ^ AajlJlucl 
upon foaming to fill said mold cavity; healing said mold E. R. FREEDMAN, Assistant Examiner 
and contents at least to the softening point of the gran- 
ules to effect foaming of said discrete, unfoamed, foam- 35 U-S. CI. X.R. 

able granules, thereby to provide a foamed east article 55 21, 22, 32; 106 41, 52 

conforming in shape to the mold cavity. 
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ABSTRACT OF THE DISCLOSURE 1 

A method of making a high-silica glass foam by form- 
ing a body of borosilicate glass containing not more than 
about 70% by weight of silica, the glass being capable 
of separating into a silica-rich phase and a silica-poor 
phase, treating the glass with a mineral acid to remove 
the silica-poor phase and leave a high silica body having 
a porous structure, impregnating the porous body with 
a boric oxide solution, crushing and screening the porous 
body, drying the particulated material to remove excess 
water, and sintering and foaming the particulated mate- 
rial to form a fused, a low expansion, high silicaglass 
foam. 



Foamed or cellulated refractory bodies, that is, inor- 
ganic heat resistant bodies expanded by the internal 
development of non-connecting gas filled cells while the 
material is in the coalesced or fused state, are well known. 
Conventional foamed glass products having densities on 30 
the order of about 0.15 to 0.30 gram/cc, have been used 
commercially to provide buoyancy, lightweight and ther- 
mal insulation in conjunction with resistance to heat and 
moisture penetration. 

These materials are customarily produced from pre- gg 
melted glass. In general, the process involves premelting 
a suitable glass composition, pulverizing the glass in 
admixture with chemically readable gas producing agents, 
such as a carbon reducing agent together with an oxidiz- 
ing agent, depositing a thin layer of the pulverized mix- 40 
ture in a closed pan, heating to the foaming temperature 
of about 800-900° C, and then annealing over a period 
of several hours. 

•Furthermore, consolidated high silica glassware is well 
known under the designation of "96% silica glass." Such 
a consolidated nonporous glass body is produced from a 0 
porous glass body corresponding in shape and composi- 
tion, but larger in size, and characterized by a multiplicity 
of intercommunicating, submicroscopic pores. The basic 
production steps involved and a particularly suitable 
family of parent borosilicate glasses are described in U.S. 
Pat. 2,221,709 issued to Hood et al. 

Briefly the method includes (1) forming or fabricating 
an article of desired shape from a parent borosilicate 
glass; (2) thermally treating the glass article at a tern- 
perature of 500-600° C. for a period of time to separate 
the glass into a silica-rich phase and a silica-poor phase; 
(3) dissolving or leaching the silica-poor- phase usually 
with acid to produce a porous structure composed of the 
silica-rich phase; (4) washing to remove leaching residue, 
(5) drying; and (6) thermally consolidating the porous 
body into a nonperous vitreous article by heating without 
fusion. The consolidated article has a general shape of 
the original glass article but is reduced by about Yi in 
volume. The maximum consolidation temperature is 
above 900° C. and on the order of 1200-1300" C. in 05 
higher silica content glasses. The pore size of the porous 
glass before consolidation is generally within the vicinity 
of 45-90° A. 

Quite surprisingly, we have now discovered a method 
of making a fused high silica glass foam from leached 
porous glass particles. The foam is useful in making 



radomes having broad band frequencies especially in the 
microwave spectrum. The uniformity of electrical prop- 
erties combined with the low loss factor over a widely 
extended temperature range are particularly important 
properties of the foam for such application. Otter char- 
acteristics which offer advantages over conventional foams 
include interconnecting pores, low thermal expansion 
extremely low alkali metal oxide content, high use tem- 
peratures, resistance to devitrification, and uniformity of 
) structure. Further, sir.ee no cellulating agents are used 
the foamed product is free from undesirable contami- 
nation. 

In accordance with the present invention, we have dis- 
covered a method of making a high-silica glass form by 
; forming a body of borosilicate glass containing a maxi- 
mum of 70% by weight, of silica, the glass being capable 
of separating into a silica-rich phase and a silica-poor 
phase, treating the glass to remove the silica-poor phase, 
and leave a high silica body having a porous structure 
> impregnating the porous body with a boric oxide solu- 
tion, crushing and screening the porous body, drying the 
particulated material to remove excess water, and sinter- 
ing and foaming the particulated material to form a fused, 
low-expansion, high-silica glass foam. Typically the 
i foamed product has a thermal expansion coefficient of 
about 8X10-V° C. 

The accompanying drawing is a flow sheet of the novel 
process, which while not intended as a definition essen- 
tially illustrates the invention. 
) The base glass used in this process is a borosilicate 
glass and may be designated by the general formula 
R 2 0 — B 2 O 3 ^Si0 2 , wherein R is an alkali metal. The 
glasses must be capable of phase separating into a silica- 
rich phase and a silica-poor phase and they must be leach- 
; able without a heat treatment using a conventional min- 
eral acid, e.g. nitric acid, sulfuric acid or hydrochloric 
acid. The glass compositions, which may be used herein 
as given in weight percent on the oxide basis as calculated 
from the batch and are as follows: 



AW)-.. 



The silica content should not exceed about 70% by 
weight, since glasses containing greater amounts require 
a preliminary heat treatment prior to leaching. Moreover, 
when the silica content exceeds the preferred range, auto- 
claving and using hot acids may be required. It is also 
recommended that as the silica content approaches the 
higher levels within the prescribed ranges, the glass should 
be ground and leached in the form of particles or gran- 
ules. A specific example of a glass illustrating the inven- 
tion and given in weight percent is as follows: 
Ingredient: 

Si0 2 

Na 2 0 

B 2 0 3 

, Al 2 O a 

As 2 0 3 

The borosilicate glass in the form of tubing or particles 
is initialy subjected to an acid leaching treatment. Useful 
acids are dilute solutions, typically in the range of 1-2 
normal solutions of mineral acids, e.g. HC1, H 2 S0 4 , HN0 3 . 
However, hydrofluoric acid should not be used since it 
dissolves the silica-rich phase. The temperature of the 
leaching bath is generally about 90-100° C. with about 



Amount, percent 
61.6 



0.3 
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95° C. being preferred. As the temperature of the bath 
falls below 90° C, there is less thorough extraction and 
a substantial increase in the extraction time. We have 
found that below 85° C, the rate of leaching becomes too 
slow. The leaching time is to some extent dependent upon 5 
the concentration of the acid and the temperature of the 
bath. A typical leaching schedule involves leaching the 
glass for two days in a 1.5 N solution of nitric acid at 
about 95° C, then rinsing in a fresh solution of the same 
acid strength and finally rinsing in a dilute, 0.2 N, solu- 10 
tion of nitric acid for one day. Sometimes prior to leach- 
ing, it may be desirable to subject the glass to a pre- 
liminary etch treatment to remove the surface skin and 
thereby permit a more uniform penetration of acid into 
the body of the glass. Preliminary etching is recommended 15 
for thick walled tubing and also when the surface^ of 
the glass has become contaminated on storage. A typical 
preliminary etching may be performed by dipping in a 
15 wt. percent NH 4 F-HF solution for 10 minutes. 

The porous glass body obtained after the leaching step 20 
must have a very fine network of pores. The pore size 
must be in the range of 10-25 A. In order to obtain such 
a fine network of pores, heat treatment prior to leaching 
must be avoided. The reason will become readily apparent 
when we discuss the foaming mechanism. Briefly, the fine 25 
pores entrap moisture which serves to expand the foam. 
In comparison, phase separating glasses which have been 
subjected to a prior heat treatment yield porous glass with 
large pores, e.g. 50 A. and greater, from which moisture 
can escape. 30 

The next step involves impregnating the porous glass 
with a boric acid solution which acts as a flux and becomes 
incorporated in the glass structure as B 2 0 3 . Further, the 
presence of boric acid reduces the sintering temperature 
and aids in the closing of the pores to minimize escape of 35 
moisture. Omission of the boric acid impregnation results 
in a weak foam. The boric acid, to some extent, also aids 
foaming since upon decomposition moisture is given off 
as shown in the equation: iQ 

2H 3 B0 3 ->B 2 0 3 +3H 2 0 
In preparing the solution, it should be taken into account 
that the solubility of boric acid in water increases con- 
siderably at elevated temperatures and is about 27.6 
g./lOO cc, H 2 0 at 100° C. For practical purposes the 43 
solution should be at least slightly below the saturation 
point. We prefer to use a concentration of 15-20 g. 
H 3 BO 3 /100 cc. H 2 0. Hot impregnation is preferred at 
temperatures of 90-100° C. The time for impregnation is 
usually at least three hours with longer times being per- 50 
missible. After impregnation, the sample is air dried at 
room temperature. Other conventional drying techniques, 
e.g. dessication, may also be used. 

The dried material is crushed into small particles taking 
care not to introduce contaminants. The material is quite 55 
friable at this point and may be particulated using a roll 
crusher. Good yields of fractions of both coarse and fine 
particles are obtained when the gap setting of the rolls is 
about 0.090 in. The setting may be adjusted to give coarser 
or fined particles. However, ball milling is not desirable 00 
since this results in excessive fines and tends to introduce 
contamination. When the starting material is in the form 
of particles, crushing may be eliminated. 

The crushed particles are now screened by conventional 
procedures. The density of the foam is directly related to 65 
the particle size, i.e. the finer the particles, the denser the 
foam and vice versa. This may be explained by the fact 
that smaller particles pack more densely and degas easier, 
and in addition, then tend to entrap less moisture. Typical 
values for particle sizes given in terms of U.S. Standard 70 
Sieves for specific foam densities and the percentages by 
weight are listed in the table below. It should be noted 
that these values are also to some extent influenced by 
the firing temperature, the impregnation time, and the 
geometry of the firing mold. 75 
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TABLE I 
Grain size vs. density 
Density g./cc. : Mesh classification : 

0.22 —4 +20 

0.33 50% -20 +40 

50% +20 

0.45 -20 +40 

0.55 -20 +60 

0.55 50% -20 +40 

50% -60 +fines 

0.62 50% -40 +60 

50% -20 +60 

0.70 _ 75% -60 +fmes 

25% -20 +40 

0.70 75% -40 +60 

25% -20 +60 

0.80 -40 +60 

0.89 90% -60 +fines 

10% -20 +40 

1.0 90% -60 +fines 

10% -20 +60 

1.0 75% -40 +fmes 1 

25% -20 +60 
_ 1 Xouporoiw ({law particle* Imvlns the iuoiitiMil irmupusi- 

The porous particles are then subjected to a particle 
drying procedure to remove some of the mechanically 
held water. The purpose is to prevent gas pockets or voids 
from being formed when the porous glass particles are 
flash-fired. If the glass particles are not partially dried, 
a nonuniform foam is produced. It is recommended to 
place the particles in a furnace mold that will also be 
used :n the final sintering step. The samples are preheated 
at a temperature ranging from about 200-500° C, but 
the temperature should not exceed 600° C. The heating 
time varies from 2-5 hours depending on the thickness and 
size of the glass particles and the depth of the charge being 

The porous glass particles, which have previously been 
partially dried, are then sintered and foamed almost si- 
multaneously. The foaming agent is water vapor which is 
derived primarily from the water of constitution (silanol 
groups) and also from the decomposition of boric acid. 
Expansion of the porous glass granules and the sintering 
of the granules occurs at temperatures of 1300-1425, with 
about 1400° C. being preferred. The glass must be flash 
fired so that the pores are closed very rapidly to prevent 
escape of the water vapor liberated by the glass and the 
boric acid. The particles expand near the final firing tem- 
perature. At this point the glass is fluid enough to permit 
movement and is in a viscosity range so that it can ex- 
pand, but the temperature is still below the softening point 
of the glass. 

Specific procedures for molding foamed articles are 
given in the following examples. 

EXAMPLE 1 

Porous particles of a leached borosilicate glass were im- 
pregnated with an aqueous solution of boric acid. The 
dried particles having a grain size of —20 to +40 mesh 
U.S. Standard Sieve and a pore size of 10-25 A were 
placed in a Vycor tray lined with an alumina-silica ceramic 
fiber. The tray was placed into an oven at a temperature 
of 500° C. for a period of 2 hours. Thereafter the tray 
was immediately transferred to an oven at a temperature 
of 1400° C. for a period of 2 hours. The resulting foam 
had a density of 0.5 gms./cc. The foam was then ma- 
chined to the desired shape. 

EXAMPLE 2 

A slip casting mixture was prepared using an aqueous 
vehicle, presaturated with boric acid, and consolidated 
96% silica particles substantially passing through a 325 
mesh screen. To -this mixture were added porous glass 



particles having a size of —20 to -J €0 mesh sieve and 
which had been impregnated with boric acid as described 
hereinabove. 

The final mixture contained 40% by weight porous 
glass particles and 60% by weight consolidated glass 5 
particles based on the ceramic content of the slip. There- 
after the new mixture was dispersed by rolling in a six gal- 
lon plastic bottle for 16 hours and drain cast in a coni- 
cally shaped mold to a piece having a thickness of ¥& 
inch. Any loss of boric acid during slip casting was con- 10 
sidered to be negligible. The piece was allowed to dry at 
room temperature for 24 hours and then placed under 
radiant heaters for about 3 days. 

The piece was thereafter preheated for 16 hours at a 
temperature of 450° F. and thereafter fired in a kiln at 15 
1350° C. The resulting product had a density of 0.47 gm./ 

Unlike the conventional glass foams discussed herein- 
above, the low-expansion, high-silica glass foams do not 
require annealing. 20 

It will be appreciated that the invention is not limited 
to the specific details shown in the illustrations and ex- 
amples, and that various modifications may be made with- 
in the ordinary skill in the art without departing from the 
spirit and scope of the invention. 25 

We claim: 

1. A method of making a high-silica glass foam com- 
prising the steps of: 

(a) forming a body of a borosilicate glass containing 
a maximum of 70% by weight of silica capable of 30 
separating into a silica-rich phase and a silica-poor 
phase; 

( b) teaching the siiica-poor phase to produce a porous 
high-silica body having a pore size in the range of 
10-25 A.; ' 35 

(c) impregnating the porous body with an aqueous 
boric acid solution at a temperature of 90-1 00-° C. 
for a sufficient time; 

(d) particulating the impregnated glass; 

(e) drying the particulated material at a temperature 40 
of 200-500° C. to remove excess water; and 

(f) foaming the particulated material at an elevated 
temperature of about 1300-1425° C. to form a fused 
foamed glass body. 

2. The method of making the glass foam of claim 1, 45 
wherein the density of the product is in the range of 0.22- 
1.0 gm./cc. 

3. The method of claim 1, wherein said boric acid 
solution contains about 15-20 grams H 3 B0 3 per 100 cc. 

of water. 50 

4. The method of claim 1, wherein said dried particu- 
lated material is molded into a foamed article. 



5. The method of claim 1, wherein the particulated 
material is slip cast prior to the foaming step. 

6. The method of claim 2, wherein the leaching step 
is performed using a dilute mineral acid solution. 

7. The method of claim 1, wherein the borosilicate glass 
consists essentially as calculated from the batch in weight 
percent on the oxide basis of: 

Ingredient: Range, percent 

Si0 2 55-70 

B 2 0 3 20-40 

R 3 0 1-10 

A1 2 0 3 0-5 

wherein R is an alkali metal. 

8. The method of claim 7 wherein said borosilicate glass 
consists essentially as calculated from the batch in weight 
percent on the oxide basis of: 



•Ingredient: 

Si0 2 . 

B 3 0 3 . 

R 2 0 . 

A1 2 0 3 . 
wherein R is a 



Range, percent 

58-65 

20-30 

4-9 



0-3 

alkali metal. 

9. The method of claim 8 wherein said composition 
consists essentially of: 

Ingredient: Amount 

Si0 2 61.6 

Na 2 0 8.04 

B 2 0 3 28.2 

A1 2 0 3 1.9 

As 2 0 3 0.3 
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This invention relates to cellular glass bodies of im- 
proved cell structure and more uniform cell wall thick- 
ness which are suitable for use as insulating materials 15 which 
and it has particular relation to cellular glass bodies 
formed by bloating or cellulating partially fused glass. 

It is known that highly cellulated glass suitable for 
use as an insulating material and other applications, may 
be prepared by heating a mixture of finely pulverized 
glass and an agent designed to give off gases at tempera- 
tures near the melting point or sintering point of the 
glass. A gassing agent which has been found to be quite 
useful is pulverulent carbon which may be used in the 
form of pulverized carbon, lamp black, carbon black, 
channel black, powdered coal, charcoal or graphite or 
any other form of finely divided carbon that is readily 
combustible. Other suitable gassing agents which have 
been used include calcium sulfate, calcium carbonate and 
carbon containing compounds such as urea. 

One of the problems encountered in the manufacture 
of these cellulated glass bodies is the production of a 
cellulated glass body wherein the cell walls of the article 
are of uniform thickness and maximum strength. ~ 



and an oxide of a metal having a high melting and boil- 
ing point such as an oxide of molybdenum, tungsten or 
vandium all in pulverulent form, heating the mixture to 
a temperature at which it sinters and coheres and at 
B which the gassing agent and the metal oxide such as 
molybdenum oxide react to produce gases which expand 
to form minute, non-communicating cells within the 
glass, cooling the cellulated glass and thereafter anneal- 

10 In the production of the cellulated glass, a glass of ; 
conventional formulation may be employed as the prin- 
cipal ingredient of the batch which is prepared for 
cellulation. For example, it may comprise ordinary 
lime-soda glass such as is employed in windows, and 
essentially of silica, lime and soda hi 
appropriate amounts, as is well known. This glass may 
also be modified by the inclusion of certain amounts of 
other ingredients, such as alumina, magnesia, borax, etc. 

The glass is finely pulverized, for example, to a parti-, 
cle size that will pass a screen of 200 mesh or finer. This 
finely pulverized material may be ground with the gassing 
agent, e. g., finely divided carbon. The amount of fine- 
ly divided carbonaceous material is susceptible of cer- 
tain variation hut, in any event, the amount required is 
never very large, usually being within the range of 0.1 
to 5 per cent hy weight of the batch. For example, in 
lamp black, the ratio will be approximately 0.5 to 1 per 
cent by weight, although slightly larger or smaller 
amounts may he employed. With carbon black, the 
ratio is even smaller, e. g., 0.15 to 0.2 per cent. 

Various oxides of the metals mentioned above may be 
the pulverulent mixture of glass and gassing 



agent. Molybdenum anhydride has been found t 
i.M. preferable, but molybdenum sesqui oxide, dioxide, and 

.1 strength 35 pentoxide, tungsten di- and trioxide and the various 
of cell walls are important in the manufacture of the vanadium oxides have been found to be suitable. The 
cellulated article as well as in its use. During the mann- amount of molybdenum oxide which is added to the 
facture of the cellulated glass article, it is desired to have mixture of pulverulent glass and gassing agent prior to 
the cell walls formed of uniform thickness and maximum cellulation is preferably within 0.Q5 to 1 .0 per cent by 
strength by the expanding gases so as to prevent prema- 40 weight of the three-component mixture, but larger 
tore breakdown of the cell walls during the cellulation. amounts may be used. The components of the mixture 
Uniform thickness and maximum strength of cell walls above described are very carefully admixed, for example, 
are important in the use of the. cellulated glass bodies to by gradual or periodic addition of the carbon and molyb- 
enable the bodies to carry higher loads under compres- denum oxide to. the glass, cuilet as it is being ground upon 
sion. " ~ 45 a ball mill. 

e present invention, a cellular As an alternative to the procedure described above 
.... a gjg^ ajj-eady containing the metal oxide may be pul- 

verized and mixed with the gassing agent The amount 
of metal oxide necessary when formulated with the glass 
will be slightly larger than when incorporated separately. 

The mixture, of glass, molybdenum oxide and gassing 
agent or agents is ground as fine as practicable upon .the. 
ball mill and is then ready for heating to form cellular 
glass. This heating operation is performed preferably in 
a reducing atmosphere and may be done by placing the 
mixture in appropriate amounts in suitable molds of suf- 
ficiently refractory material. Molds of stainless steel con- 
taining high percentages of nickel and chromium are 
especially suitable for the purpose. The molds are so 
constructed that they can be substantially closed, thus 
protecting the mixture to be sintered from oxidation 
during the heating operation. The. molds should usual- 
ly be approximately % filled,, though of course, this will 
depend to some extent upon the degree of cellulation de- 
sired- in the final product. In any event the amount 
should be adjusted so as to just fill the mold when full 
cellulation is attained. 

The molds may be heated- in any convenient furnace, 
but in commercial operation a tunnel furnace having 
suitable conveyor apparatus, such as a train of rollers- 
' . carry the molds slowly through, the heating 
be desired. The heating, operation is. con- 



glass article is provided which has improved durability, 
low thermal conductivity, higher structural strength for 
a given density, a finer cell structure and more uniform 
cell wall thickness. This article is composed of a celhi- 
' lated body of glass having a plurality of non-communicat- 
ing- cells filled with a gas such as CO2 and having a metal 
such as molybdenum, tungsten or vanadium interspersed 
in and on the cell walls. 

A sectional view of a slab of the cellulated material- 
is shown in the drawing. The material is made up of 
cellulated glass 1 having a plurality of non-communicat- 
ing; cells 3 filled with a gas. The walls 5 of the cells are 
partially or fully coated with a fine film of metal 7 such 
as molybdenum, tungsten or vanadium. Also present in 60 constructed that they 
the ceil walls 5 axe small amounts of the metal 7' as nmtprtfn » th* mtvtnr 
shown at 10. 

For purposes of illustration, the slab of cellulated ma- 
terial: has been enlarged many times. The average size 
of a cell is usually about %2 of an inch in diameter, how- 
ever, such size is designated merely by way of illustra-. 
tion and not by way of limitation. The cells can be 
quite small or much larger, for example, Vt inch in di- 
ameter or- larger. Large cell size gives a product of 
lower density but also lower- compressive streng" 

The cellular glass which- is the subject- of this, 
tion, is. produced by commingling glass, a gassing agent 
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ducted slowly because of the low conductivity of the 1.0% of metal oxide selected from the group consisting 

powdered materials. Usually it will be completed with- of oxides of molybdenum, tungsten and vanadium with 

in a period of about 3 to 5 hours depending upon the 0.1 to 5% carbon, heating the mixture in a mold to a 

thickness and size of the bodies to be formed. The tern- temperature sufficient to soften and sinter togetner the 

perature of heating should be sufficient to soften and 5 particles of glass and to cause the carbon to react to 

sinter together the particles of glass and also to cause the form gases until a cellular glass of desired size is formed 

gassing agent to react. This mass should never be com- and cooling the cellular glass. 

pletely melted. The temperature of heating will vary with 6. A method of producing cellular glass which com- 

individual glasses, but usually will be in or near the range prises mixing a finely pulverized glass containing 0.05 

of 1400 to 1800° F. 30 to 1.0% of molybdenum oxide with 0.1 to 5% pulveru- 

The bodies of cellular material as obtained by the. fore- lent carbon, heating the mixture in a mold to a tempera- 
going process should be cooled slightly externally, stripped ture sufficient to soften and sinter together the particles 
from the moles and annealed in order to relieve inter- of glass and to cause the carbon to react to form gases 
nal stresses in the glass. The products after annealing until a cellular glass of desired size is formed and cool- 
are trimmed to size and shape. 15 ing the cellular glass. 

Such process produces bodies of a high degree of uni- 7. A method of producing cellular glass which corn- 
form cellularity. The addition of a metal oxide such as prises intimately mixing finely pulverized glass, 0.1 to 
a molybdenum oxide to the pulverulent glass and gassing 5% carbon and 0.05 to 1.0% of metal oxide selected 
agent changes the surface tension of the cellulating glass from the group consisting of oxides of molybdenum, 
in such manner that a minimum amount of cell break- 20 tungsten and vanadium, heating the mixture in a mold 
down occurs during cellulation, thus producing a finer to a temperature sufficient to soften and sinter together 
cell structure with more uniform wall thickness. The the particles of glass and to cause the carbon and metal 
specific gravity of the product will be approximately oxide to react to produce gases, discontinuing the heat- 
within a range of 0.14 to 0.18. Because of the large ing when the gases developed within the glass increase 
amount of entrapped gases, the resistance to transmission 25 the volume thereof to the desired extent whereby cells 
of heat is greater than that of less highly csllulated prod- are formed which are noncommunicating, coding and 
ucts . annealing the cellular glass product thus formed. 

The products are characterized by a high structural 8. A method of producing cellular glass which corn- 
strength for a given density. Such high structural prises intimately mixing glass, 0.1 to 5% carbon and 0.05 
strength is due to the high degree of cellulation as well 30 to 1.0% molybdenum oxide, all in pulvcrulcn' form 
as uniformity of cellulation and uniformity of cell wall heating the mixture in a mold to a ic: n'.urc s; :iicicnt 
ihicknjss which is rendered possible by the addition to soften and sinter together the particles of glass and to 
of the metal oxide to the pulverulent batch which is cause the carbon and molybdenum oxide to react to form 
used in the manufacture of the glass. The high struc- gases, discontinuing the heating when the gases devcl- 
tural strength is also believed to be due to a coating 30 oped within the glass increase the volume thereof to the 
of the metal on the walls of the individual cells or to desired extent whereby noncommunicating cells are 
particles of the metal in the actual structure of the walls. . formed, cooling and annealing the cellular glass. 
The metal results from the reaction of the gassing agent 9, An article of manufacture which comprises a ccl- 
with the metal oxide during the heating and ceUulating. Mated body of glass having a plurality of non-communi- 
The durability of the product is also improved by the 40 eating cells filled with a gas and having a coating of 
presence of the metal as described above. tungsten on the cell walls. 

The invention has been described with respect to the 10. An article of manufacture which comprises a cel- 

cellulation of glass but it is intended to be operable with Mated body of glass having a plurality of non-communi- 

respect to the cellulation of other materials such as in eating cells filled with a gas and having a coating of 

the cellulation of slag, silica, glass batch materials, nat- vanadium on the cell walls. 

ural mineral silicates, etc. 11. A batch suitable for forming cellular, vitreous 
Althrough the present invention 'has been described products which consists essentially of a finely pulverized 
with reference to the specific details of certain embodi- glass, 0.1 to 5% carbon and from 0.05 to 1.0% by 
ments thereof, it is not intended that such details shall weight of a metal oxide selected from the group consist- 
be regarded as limitations upon the scope of the inven- eu ing of oxides of molybdenum, tungsten and vanadium, 
tion except insofar as included in the accompanying 12. A batch suitable for forming cellular, vitreous 
products which consists essentially of finely pulverized 
glass containing 0.05 to 1.0% of metal oxide selected ' 
from the group consisting of oxides of molybdenum, 
1947, now U. S. Patent No. 2,600,525, entitled "Cellular gg tungsten and vanadium, and 0.1 to 5% carbon. 
Glass of Increased Durability." 13. A batch suitable for forming cellular, vitreous 
I claim: products which consists essentially of a finely pulverized 

1. An article of manufacture which comprises a eel- g i ass> o.l to 5% carbon and from 0.05 to 1.0% by 
Mated body of glass having a plurality of non-communi- weight of molybdenum oxide. 

eating cells filled with a gas and having a coating on the 00 14 & batch suitable for forming cellular glass which 

cell walls of a metal selected from the group consisting consists essentially of an intimate, finely pulverized mix- 

of molybdenum, tungsten and vanadium. ture 0 f glass, 0.1 to 5% carbon designed to give off gases 

2. An article of manufacture which comprises a cellu- to b]oat me mixture at the sintering point of the glass 
lated body of glass having a plurality of non-communi- and from q 5 to 10 % by weight of tungsten oxide, 
eating cells filled with a gas and having a coating of g5 15 _ A ba t c h suitable for forming cellular glass which 
molybdenum of the cell walls. consists essentially of an intMate, finely pulverized mix- 

3. An article of manufacture which comprises a cellu- h;re Qf g , asS) QJ tQ 5% car b on designed to give off 
lated body of glass having a plurality of non-communi- gases tQ bloat me mixture at the sintering point of the 
eating cells filled with carbon dioxide and having a coat- giass and &om 0 05 to 1.0% by weight of vanadium oxide, 
ing of molybdenum on the cell walls. 70 

4 An article of manufacture which comprises a cellu- References Cited in the file of this patent 
lated body of glass containing molybdenum and having UNITED STATES PATENTS 

a plurality of non-communicating cells Med with a gas. 2,399,225 Heany Apr. 30, 1946 

5 A method of producing cellular glass which com- . 2,467,528 Hauser Apr. 19, 1949 

prises mixing a pnely pulverized glass containing 0.05 to 76 2,600,525 Ford June 17, 1952 
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applications, lfse success ia the- development and construction of ail ihese Jaodnrak 
structures has been due In bo snwlt measure to die advances in m& technology of 
materials, particularly prestressirg steel, and the accumulated knowledge ia esti- 
mating the short- and long-term losses in the prestrefcring forces. 



1.3 BASIC CONCEPTS OP PRESTRfiSSINO 
1.3.1 JnTroductfon 

Tbe prestnSSsiEg force P that saUsfjcs the particular conditions of geometry and 
loading of a. given element (see Figure 1.2) is. determined from she principles of 
mechanics and of stress-strain relationships. Sometimes simplification is necessary, as 
wben a pmtressed benra is assumed to be feomogeaeous and elastic. 

Consider, then, a shnpty supported rectangular beam subjected to a eoiteenpU 
prestressiag force P as shown in Figure 1 .2(a). The compressive stress on the beam 
cross section is uniform and has an intensity 

/— £ CM) 

where.,*, ■= Wsthecross-secrionalsreaofabcs^sectm 

ft. Amimu sign is used for comptecsioa and zpiju sign for tensioutJaonglicwt the tc/ct 

Also, bending moments are drawn, on the tensto side of tije member. 

If exltrnal transverse loads are applied to the beam, causingamaximaw moment 
W at tnkbpan, U» resulting stress becomes 

P Me . „ , 



where/ 1 ■ stress ac the top fibers i 
/t, - stress at the bottom fibers 
c = |/i for the rectangular section 

J t grists moment of Inertia of the sectioa. (bhi/12 jo tins cast) 
Eqoation'l .2biadicatBS that tlse presence of preshcRBtog-eimjiwessive stress -PjA is 
reducing tie tensile flexure) stress Mc/l to the'extcnf intended: in the design, eftbir 
eliminating tension: totally (even Muc^g ccmpfe«ionX ef -jicrr^tin$. a level of 
temdle .-stress within tuTowatte code limits. The SecjtioniV.ih»c0n£ yncrac'lted 
and feefeaves elasScally: tho o»cretc'« maWlity to withjtracditH^ » effee* 

lively Qcropewated for by .the. compressive fc^^tbj^r^tr^lng^^ 

The.comptessivc stresses in taxation 1 J!a*£ the top ffljere of .irfe hsam-due to 
piestressing ^.amipoundea by the application, of tile loading rtmss -#c/i, as-seen 
•in Figure 1.2(b). Hence, -the compressive stress capacity of .©s-Kani to Safce- a 
substantial external load is seduced by the concenaric rrastrsssing fy*c.«7 m-order-to 
avojd aiss limitation, the.prestressmg tension is placed x£^\&fy : btioy,&etK-3mi 



8asij eoftce#e Chgp. 1 
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_ UJLiiii l lll lLLLL 



— =5?^ 



E^are L2 Cborvtte Efcer jtresj dftttbotjan 1» » retongiOiifWnD wiih.ajnisil jewW (a) 
Gmctncrie ttaxJort. presiwv snJy. <» ConcttBrio. iandra, tail;«ttSebt wtfcit (e> Etwwric 
trtstrwt oaly. (4) Bcceairte. snxte, «tf-wcjtf» 

Jdis.-atiiudteao, to ihduw.t^ik stresses 1st :tbe top'.fi&ec <Jii* lo jweritessfec (gee 
Flgaa £.2<c). ;{d);).1f titelt^Jon it placed atccc«r«ria-ly fffrBm tfecenna- of gravity 
of % ccffiterete.uwawathe UncJi ctCafes aj^i^^wj *&S<*sftihg dresses 



, . iP *«c . Afe 

* ■ TT T T 



(1,3 b) 
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Since the support section of a simply supported bean carries no moovept from the 
eJttsrrrial transverse load . high tensile fiber stresses ac the top fibers are caused by the 
eccemric prestressing force. To limit such stresses, the ccee wieiry of the pzcstressmg 
tendon profik. the cgs Ike, it made less at tbe support section man a: the njidspaa 
section, or eKaiinated altogether, or else a negative eccentricity above fee cgc line is 
used. 

1 .3.2 eaalc Concept Msrthod 

in die basip concept method, of designing prestiessed concrete elements, the concrete 
ribcr stresses are directly computed from the extejaal forces applied » rie concrete by v 
fcugiftididal prestressing and the external transverse load. Equations 1.3a and b can * 
he modified and simplified fox use ra calculating stresses at the initial prestisssiBg 
•stage and at service load fe.veb.Tf P, is Xheinitial progressing lore* before stress losses, 
and P, is the effective prestressing force alter losses, then 



GO 

m 

I 



CD 

o 
o 

5 



can he defined as (he residual prestrws factor. Substittrting r 1 Tor I J A, in JEqaatkms 
1.3, where r is the radius of gyration of the gross section, the eyjiressfcpnslca- stress" 
can bo rewritten -as follows: 



(«> Prestressing Force Oufy 



(1.4 b) 

where c, aha ci ite'&t distahc^ from the center of gravity c*f Ihe . section (the cgc lime)' 
ta-th'e extrcHie top and' bcfibHi fibers. reapecfiveiy. 

t(S BaafcConeepfc Chap:t 
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sdtmo! concrete bridge, Tiwjia, Oiis**.. 
'.the fpsB teidfi* )n Asia, a 
OUJlcapho* 1«673 ft and a wspeafed 
length of 1435 ft. *M compfcfcd in 

(Crejttt Owns: TianjiD Mnriapd 
EBStoeeriaj Bureau. <fcneul cositnuaor 
Miyar Bridge Efcpaeerios Bo rem of 
Mtalary ut Railway* e* Onw. Eagbxaar 
for project design aad comnuctJon cou- 
Dot guidance: Tiaajizi Mnnidpsl Ea- 
gicetriog Survey ipd Doaign Itsfilu!*, 
CWcf Biia-e Eosineer, Barg-yin TOO 

Prcstrexiirtg Plus Self-weight 
If the-team self- weight causes a moment*^ atthesectiou.ynie* consideration, 
Equations 1.4a taxi b respectively bece-Dje- 

and 

where S' anil 5* we the .moduli of the «>eciicns /or. the fop aad : 'uot(on» Bbots, re- 
E'paciiveiy. 

The change in eccentricity froao the mia^^.rW.tho.sU^jJOrt. section is obtaiwd 
tyriisihg the prMtfossingtefldob^eithei ahriiptty from tfee midspan to the support, a 
process called barpuig, oi gtadual/y in a parabolic &ini r a process- called drapLbg. 

Sec'. 1.3 Basic Concepts of. Prestifcssing-. 1 1 
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WIT. 



Hxorel.3 PretucSdag xaOat prefix, 
fa) Harped teidoB. (b) Dnspcd tea**. 

Figure 1..3(b) shows a harped profile osnaily used for prctensioned beams and tor 
contracted transverse loads. Figure 1 .3(b) shows a draped tendon usually used in 



a erection and installation of iht floor or deck, live load* acron the 
structure, causing a superimposed moment M t . Tie full intensitv of such toads nor- 
paatty occurs after the building is completed and some time-dependent Josses in 
prestress nave already taken place. Hence, the prestrcssing force used in the stress 
equations would have to he the effective prcetressmg.force P.. If the total moment due 
to gravity loads is M T , then 

M r ~Mo + M*, + Ml (3.6) 
where M D ~ moment due to self. weight 

Mit, - moment doe tcj superimposed dead load; such as flooring 
M., - moment due to Jive load, including impact and aicsndc loads if any 
Equations 1.5 than become 



CU JO 

Some typical elastic concrete stress distributions at . the critical section of a. 
prestresscd flaugal section are shown in. Figure 1.4. The tensile: stress in the •cofibnyft. 
Hj.part (c) r^rmitted at the-estrerrto fiherj of the section cannot exceed the. maximum 
permi5s.iftte.ih the code, e..g., j$ - 6Y£in the ACT code. If it is ca^jed tended 
fi.cm-prertressed reinforctofiht proportif.Ded.t6 : resistd}c tbW tensile fonxbViobe 
provided do control cracking at service loads. 

?.3i3 C-Llrie Method 

In this toi-of-pressuic.or ihpisi concept, the beam is analyzed as if it were a'plaia 
concrete clastic beam using, foe basic rririciples df ^dcs/tr^ p^trtssnTa 'fQreo'js 
considered an external com^srvefofce, with a wnstto t(^lefoWrtothe tendon 

" Oa^fiOConcapts Ghap-r 
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throughout the span. In. this iflftnaw, eJTecb of external fi^nviry iondi are dls- 
refiarileji Equilibrium equations SH - 0. and O.siprappiJied ii> ariaiataifl eqaf- 
iibriuffl fn tbo section. 

figure- 1 .5 shows it» relative line ef action of (he comps»»sj,ve. Force C and .ifcs 
tensile &rce r in a reinforced concrete beam iis asmpRiHS^.t& thatlin g jsftstrwsa} 
concrete besua. If is plain that in a rriaforced.cdactcte learn, lean have a ftaite value 
OEfy when transverse aod qiiicc external .feeds ' apt Ttoj moment arm' a remains 
basically constant Uirougfrout the clastic toadipg httforf of the reioforcsd concrete 

Sec. t>3 Basfc-CoricopW of fVestiSssing 13 
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Sir: 

I, PEDRO M. BUARQUE DE MACEDO, declare that: 

1. I am the inventor and owner of the above-referenced U.S. Patent 
Application Serial No. 10/625,102 filed on July 22, 2003 in the name of Pedro M. 
Buarque de Macedo and entitled "PRESTRESSED, STRONG FOAM GLASS TILES." 

2. I am familiar with the above-referenced patent application and the 
prosecution thereof before the U.S. Patent Office. I am also familiar with the Office 
Action dated September 11, 2006 issued therein. For the purposes of preparing this 
Declaration, I have reviewed the prior art references cited in the Office Action, including 
U.S. Patent No. 4,324,037 to Grady, II ("the Grady '037 Patent"), U.S. Patent No. 
3,430,397 to Ellis ("the Ellis '397 Patent"), U.S. Patent No. 3,292,316 to Zeinetz ("the 
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Zeinetz '316 Patent"), U.S. Patent No. 4,450,656 to Lagendijk ("the Lagendijk '656 
Patent"), U.S. Patent No. 4,124,365 to Williams et al. ("the Williams '365 Patent"), U.S. 
Patent No. 3,056,184 to Blaha ("the Blaha 184 Patent"), U.S. Patent No. 3,459,565 to 
Jones et al. ("the Jones '565 Patent"), U.S. Patent No. 3,592,619 to Elmer et al. ("the 
Elmer '619 Patent") and U.S. Patent No. 2,758,937 to Ford ("the Ford '937 Patent")- 
Based on my extensive academic and research experience as described below I am 
generally familiar with the field related to the above-mentioned prior art references and I 
believe that I am qualified as an expert in that field. 

3. I received a Bachelor of Science degree in Physics from George Washington 
University in Washington D.C. in 1959, and received a Ph.D. in physics from The 
Catholic University in 1963. From 1963 to 1967, 1 was employed with the National 
Bureau of Standards, and afterwards I continue to be associated with the National 
Bureau of Standards as a consultant. In 1967, 1 joined the department of mechanics at 
The Catholic University of America as an associate professor. In 1970, 1 became a co- 
director of the Vitreous State Laboratory and also a professor of chemical engineering 
and material science at the same university. Currently, I continue to be the director of 
the Vitreous State Laboratory and am a professor of physics at the same university. The 
article in the Summer 2002 issue of the CUA Magazine, "Defending Against 
Environmental Disaster: CUA's Vitreous State Lab Has Answered the Nation's Call for 30 
Years" by Richard Wilkinson, a copy of which is attached hereto as Exhibit 1, describes 
my contributions and achievements as a co-director of the Vitreous State Laboratory. 
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4. My primary area of expertise is in glass science research. In particular, I 
have developed technologies and products in the areas of fiber optics, defense fuels, and 
radioactive waste glass formulation. I have received over 43 patents in the United States 
and many more worldwide, and have been noted as "the area's leading individual 
inventor in number of patents granted" by the January/February 1990 issue of 
Washington Business Journal Magazine. For more details of my background and areas of 
expertise, please refer to my curriculum vita attached hereto as Exhibit 2. 

5. Based on my review and understanding of all of the nine references relied 
upon by the Examiner (the Grady '037 Patent, the Ellis '397 Patent, the Zeinetz '316 
Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha '184 Patent, the 
Jones '565 Patent, the Elmer '619 Patent and the Ford '937 Patent) in the September 11, 
2006 Office Action, I conclude that none of these references discloses or suggests, either 
individually or in any reasonable combination, a prestressed foam glass tile having any 
amount of prestress compression, let alone a prestressed foam glass tile having a 
prestress compression of 4,000 psi or greater , as required by all of the independent 
claims pending in this application, Claims 1, 23, 42 and 54. 

6. By the Examiner's own admission, the first reference upon which he relies, 
the Grady '037 Patent, does not disclose a foam glass tile. See September 11, 2006 
Office Action at 3. Similarly, the Examiner also acknowledges that the Ellis '397 Patent 
does not disclose a foam glass tile. See id. at 6. I agree. Based on my review and 
understanding of these two patents, neither the Grady '037 Patent nor the Ellis '397 
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Patent discloses or suggests a foam glass tile, let alone a prestressed foam glass tile 
having any amount of prestress compression. 

7. On page 10 of the September 11, 2006 Office Action, the Examiner takes 
the position that "each of Lagendijk '656 and Zeinetz '316 does indeed, disclose 
prestressing of a foamed glass material as is set forth in the above rejection." I 
respectfully disagree. Based on my review and understanding of these two references, I 
conclude that neither reference teaches the prestressing of a foam glass tile under any 
amount of prestress compression, let alone a prestressed foam glass tile having a 
prestress compression of 4,000 psi or greater as required by all of the independent claims 
pending in this application, Claims 1, 23, 42 and 54, for the following reasons. 

8. On page 3 of the September 11, 2006 Office Action, to support his position 
that the Zeinetz '316 Patent discloses prestressing of a foam glass material, the Examiner 
points to tension bars 36, 39 in FIG. 11 of the Zeinetz '316 Patent and asserts that these 
tension members hold foam glass tiles, citing Col. 4, lines 5-9 of the Patent. However, 
based on my review and understanding of the Zeinetz '316 Patent, FIG. 11 does not 
teach or even suggest the prestressing of a foam glass tile under any amount of prestress 
compression, contrary to the Examiner's assertion. The Zeinetz '316 Patent is directed to 
a roof structure, as shown in FIGS. 1 and 2 of the Patent. In conjunction with FIG. 5, the 
Zeinetz '316 Patent further teaches that the seam 19, 119, 21 and 121 is adapted to fit 
the abutting lateral edge portions of adjacent roof elements (e.g., al, a2, b2, cl, c2, and 
d in FIG. 5). See Zeinetz '316 Patent, Col. 3, lines 1-7. FIG. 11 illustrates the section of 
FIG. 5 along the line B--B and represents "coupling means " for abutting roof elements. 
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Id., Col. 2, lines 4-6 (emphasis added). In fact, the Zeinetz '316 Patent explicitly 
describes the tension bars 36 and 39 in FIG. 11 as "a locking means for use in connection 
with a U-shaped or tubular seam 19e, 119e, 21e and 121e." Id., Col. 3, line 73 - Col. 4, 
line 4. In other words, the tension bars 36 and 39 in FIG. 11 are merely coupling or 
connecting means in conjunction with the U-shaped/tubular seam 19, 119, 21, 121 to 
keep adjacent roof elements together. I did not find any teaching or suggestion in the 
Zeinetz '316 Patent that the tension bars 36, 39 in FIG. 11 to which the Examiner points 
are the means for prestressing foam glass tiles, let alone providing prestress compression 
of 4,000 psi or greater. 

9. During my review of the Zeinetz '316 Patent, I also noted that the 
reference teaches that the rows of interengaging profiles 19, 119, 21, 121 which keep 
each roof element in wedged engagement with the adjacent elements may render 
possible the "prestressing of the shell of the cupola." Zeinetz '316 Patent, Col. 3, lines 7- 
17. However, it was apparent to me that the term "prestressing" in "prestressing of the 
shell of the cupola" is different from the prestressing as applied to foam glass tiles to 
strengthen them in accordance with the present invention. For general reference 
providing the definition of "prestressing" as used in the context of the present invention, 
please refer to EDWARD G. NAWY, PRESTRESSED CONCRETE: A FUNDAMENTAL 
APPROACH 8-10 (1989), a copy of which is believed to have been submitted to the 
Examiner previously as part of the Information Disclosure Statement. To the contrary, in 
reading the Zeinetz '316 Patent, I understood the reference to "prestressing of the shell 
of the cupola" in the Zeinetz '316 Patent to be provision of a structural support to a 
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dome by keeping all the roofing elements together in wedged engagement, hence the 
tide "self-supporting roof for the Zeinetz '316 Patent. After a careful consideration of 
the teachings of the Zeinetz '316 Patent and based on my knowledge in the related field, 
I conclude that the "prestressing of the shell of the cupola" arising from wedged 
engagement of neighboring roof elements as suggested by the Zeinetz '316 Patent does 
not refer to the kind of prestressing applied to foam glass tiles as claimed in the present 
application. Furthermore, based on my knowledge and experience in the field, I find it 
hard to imagine a situation where the wedged engagement with neighboring elements as 
shown in the Zeinetz '316 Patent can provide a prestress compression of 4,000 psi or 
greater. Based on the foregoing considerations, I conclude that the Zeinetz '316 Patent 
does not teach or even suggest at all the prestressing of a foam glass tile under a 
prestress compression of any amount of prestress compression, let alone the claimed 
range of 4,000 psi and greater as required by all of the pending claims. 

10. Moreover, the Zeinetz '316 Patent teaches a litany of roofing materials that 
could be used, including glass, wood, synthetic plastic, concrete, porous concrete, 
foamed plastic, foamed glass, cardboard, sheet metal, wool, cork and fiber board. These 
materials are used in a multi-layer structure where each layer is for a different purpose 
such as a "moisture-insulating layer" consisting of a "heat insulating layer," a "load 
sustaining layer" and a "sound absorbing layer." See Zeinetz '316 Patent, Col. 4, lines 8- 
15. The kind of layer that "foamed glass" may be used for is not taught. However, the 
load sustaining layer, which is the layer that would potentially be under compression, "is 
made of concrete, for example." Id., Col. 4, line 14. In the Zeinetz '316 Patent, I find no 
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teaching that the load sustaining layer could be made of prestressed foam glass tiles as 
required by all the claims, let alone foam glass tiles having a prestress compression of 
4,000 psi or greater as required by the rejected claims. 

11. On pages 3 and 10 of the September 11, 2006 Office Action, to support his 
position that the Lagendijk '656 Patent discloses prestressing of a foam glass material, 
the Examiner points to the inner bracing cables 33, 34, the cross tie cables 36, the lower 
running cable 45, etc. that form the suspended roof structure in Figs. 1 and 2 of the 
Lagendijk '656 Patent as showing tension members holding foamed glass units in place, 
citing Col. 3, lines 30-60 and Col. 4, lines 34-37 as well as Fig. 6 of the Patent. I 
respectfully disagree. Based on my review and understanding of the Lagendijk '656 
Patent, I conclude that none of the figures and text of the Lagendijk '656 Patent relied 
upon by the Examiner teaches or even suggests the prestressing of a foam glass tile 
under any amount of prestress compression, let alone a prestressed foam glass tile 
having a prestress compression of 4.000 psi or greater as required by all of the 
independent claims pending in this application, Claims 1, 23, 42 and 54, for the 
following reasons. 

12. Like the Zeinetz '316 Patent, the Lagendijk '656 Patent is also directed to a 
roof structure, which, in the case of the Lagendijk '656 Patent, is composed of a wire 
mesh or netting with a sprayed polyurethane foam on top. See Lagendijk '656 Patent, 
Col. 4, lines 18-20. What the cited portion of Lagendijk '656 Patent suggests, at best, is 
the use of sprayed polyurethane foam (which is not a foam glass tile) or stiff elements of 
foam glass as a roof-covering material. See Lagendijk '656 Patent, Col. 4, lines 4-44. The 
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Examiner points to the inner bracing cables 33, 34, the cross tie cables 36, the lower 
running cable 45, etc. that form the suspended roof structure in Figs. 1 and 2 of the 
Lagendijk '656 Patent as showing "tension members," but I find no teaching, nor any 
suggestion, in the Lagendijk '656 Patent that those "tension members" contribute to 
prestressing of foam glass materials used as the roof covering materials under any 
amount of prestress compression. These alleged "tension members" form a part of a 
tensioned roof structure to which a fine mesh net is anchored. See id., Col. 3, lines 47-54 
("This net or both nets, together with the post-tensioning of the roof structure, have been 
tensioned up to the final design tension, before at least a first layer of the roof covering 
is applied ." (emphasis added)); see also generally id., Col. 6, line 42 - Col. 8, line 14. The 
Lagendijk '656 Patent further teaches that the roof covering material is applied on this 
mesh net. See id., Col. 4, lines 3-10. Hence, based on the foregoing description, I find it 
physically and technically impossible for the "tension members," the cable structure 
pointed by the Examiner, to provide any amount of prestress compression to the roof 
covering materials which are, according to the teaching of the Lagendijk '656 Patent, to 
stay above those "tension members" and are applied after the bars are tensioned, not 
before . See Lagendijk '656 Patent, Col. 9, lines 44-45. 

13. Furthermore, Fig. 6 and Col. 9, lines 49-55 of the Lagendijk '656 Patent 
teach securing foam glass elements 65, which are used as part of the roof covering, to 
the glass-fibre mats 60, 61 by adhesive 66, thus providing an alternative means for 
reinforcing these foam glass materials and thereby teaching away from the prestressing 
as means for reinforcing these foam glass materials. By definition, this alternative 
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structure is again not prestressed since it is applied on top of the mesh net after the 
"tension members" are already in place and tensioned. I did not find any teaching or 
suggestion in the Lagendijk '656 Patent that the foam glass elements 65 amid the 
adhesive 66 shown in Fig. 6 be prestressed by any "tension members" such as the inner 
bracing cables 33, 34, the cross tie cables 36, the lower running cable 45, or any other 
component of the disclosed roof structure. Based on at least the foregoing reasons, I 
conclude that the Lagendijk '656 Patent does not teach or even suggest the prestressing 
of a foam glass tile under any amount of prestressing, let alone the prestress compression 
of 4,000 psi or greater. 

14. Based on my review and understanding of the remaining references relied 
upon by the Examiner, I conclude that neither Williams '365 Patent, nor the Blaha 184 
Patent, nor the Jones '565 Patent, nor the Elmer '619 Patent, nor the Ford '937 Patent 
teaches or suggests prestressing of a foam glass tile under any amount of prestress 
compression, let alone under prestress compression of 4,000 psi or greater. 

15. Based on my review and understanding of all of the nine references relied 
upon by the Examiner (the Grady '037 Patent, the Ellis '397 Patent, the Zeinetz '316 
Patent, the Lagendijk '656 Patent, the Williams '365 Patent, the Blaha '184 Patent, the 
Jones '565 Patent, the Elmer '619 Patent and the Ford '937 Patent) in the September 11, 
2006 Office Action, I conclude that none of these references discloses or suggests, either 
individually or in any reasonable combination, a foam glass tile having a compression 
strength of 10,000 psi or greater prior to being prestressed as required by independent 
Claims 1 and 23 and their respective dependent claims. In particular, to support the 
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rejection of Claims 1, 5, 13, 14, 23, 27, 29-31 and 37, the Examiner takes the position 
that either the Williams '365 Patent or the Blaha '184 Patent suggests a foam glass tile 
having a compression strength of 10,000 psi or greater. See September 11, 2006 Office 
Action at 3. I respectfully disagree. Based on my review and understanding of the 
Williams '365 Patent and the Blaha '184 Patent, I came to a conclusion that neither 
reference teaches or suggests a foam glass tile having a compression strength within the 
claimed range of 10,000 psi or greater for the following reasons. 

16. On page 3 of the September 11, 2006, to support his position that the 
Williams '365 suggests a foam glass tile having a compression strength within the 
claimed range of 10,000 psi and greater, the Examiner points to the following portion of 
the Williams '365 Patent: "Such a material should be readily available, easily formed in 
lengths up to 100 feet, be able to withstand a stress of 5.000-8.000 psi . . ." Williams 
'365 Patent, Col. 1, lines 36-38 (emphasis added). However, this disclosed range falls 
short of and does not overlap at all with the claimed range of compression strength of a 
foam glass tile starting from 10,000 psi and higher as required by the rejected claims. 
Based on my knowledge and experience in the field, this difference in compression 
strength is substantial and the Williams '365 Patent does not explain how such 
substantial difference in compression strength can be overcome. 

17. Moreover, Williams' '365 Patent does not even disclose "foam glass tiles," 
let alone " prestressed foam glass tiles" as required by the present claims. Indeed, the 
following portion of the Williams '365 Patent cited by the Examiner on page 11 of the 
September 11, 2006 Office Action in support of his position is the evidence: " In such 
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form, the foamed glass product can be used as a structural member in a number of 
industries including the housing industry as a bearing member . . . ." Williams '365 
Patent, Col. 1, lines 19-22 (emphasis added). However, "such form" in the cited portion 
of the Williams '365 Patent refers to a "foamed glass" produced "in the form of elongate 
members, more particularly in the form of hollow elongate cylinders" as recited in the 
sentence in the Williams '365 Patent just before the cited portion. Hence, it is clear that 
the Williams '365 Patent is directed to an elongate structure of foam glass rather than 
foam glass tiles as in the present invention. In fact, the description of the preferred 
embodiment of the Williams '365 Patent is directed to production of foam glass in the 
form of hollow elongate cylinders so that it can be used as conduit such as sewer pipe, 
telephone pole, or power line. See Williams '365 Patent, Col. 1, lines 14-25 & FIG. 3. 
However, based on my knowledge and experience in the field, I find that, unlike in the 
case of foam glass tiles, prestressing of these foam glass hollow elongate cylinders to be 
used as conduit, telephone poles, etc. would not be desirable, nor is it technically 
feasible or economical. Based on at least the foregoing reasons, I came to a conclusion 
that the Williams '365 Patent does not teach or even suggest a foam glass tile having a 
compression strength within the claimed range of 10,000 psi and greater. 

18. On page 3 of the September 11, 2006 Office Action, in support of his 
position that the Blaha '184 Patent suggests the claimed range of compression strength, 
the Examiner points to a portion in the Blaha '184 Patent disclosing a slab of cellular, 
agglomerated material having a compression strength "in excess of 1200 pounds per 
square inch." Blaha '184 Patent, Col. 3, lines 26-28. However, the compression strength 
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of 1,200 psi as disclosed by the Blaha 184 Patent falls far short of 10,000 psi, the lower 
end of the claimed range of compression strength required by the rejected claims. 
Furthermore, I do not find any teaching or suggestion of a foam glass tile having a 
compression strength of 10,000 psi or greater from a vague statement in the Blaha 184 
Patent that the cellular material is to be "sufficiently strong to be used for structural 
purposes," on which the Examiner relies on page 11 of the September 11, 2006 Office 
Action to support his position. Blaha 184 Patent, Col. 1, lines 27-28. Even with my 
knowledge and experience in the field, I do not find that such a vague statement explains 
how a huge gap in compression strength of a foam glass tile between a mere 1,200 psi as 
disclosed by the Blaha 184 Patent and 10,000 psi or greater as required by the rejected 
claims can be technically overcome. Moreover, this statement does not teach that the 
resulting material can or should be prestressed. Simply put, the Blaha 184 Patent does 
not teach or suggest at all a foam glass tile having a compression strength within the 
claimed range of 10,000 psi or greater, let alone a prestressed foam glass tile with the 
claimed compression strength and prestress compression. Based on at least the 
foregoing reasons, I came to a conclusion that the Blaha 184 Patent does not teach or 
even suggest a foam glass tile having a compression strength within the claimed range of 
10,000 psi and greater. 

19. Contrary to any of the references cited by the Examiner in the September 
11, 2006 Office Action, my co-pending application, U.S. Patent Application Serial No. 
10/625,071, which has been incorporated by reference into the present application, 
actually describes the making of a foam glass tile having a previously unattainable 
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compression strength of 10,000 psi or greater. The properties of foam glass samples 
produced in accordance with the incorporated '071 Application are summarized in 
TABLE 1 in the present application. See also infra Pars. 26 & FIGS. 1-3. 

20. Based on my knowledge and experience in the field, I understand the basic 
principle that by applying prestressing, the resulting compression strength of the 
prestressed product will decrease by the prestress amount while the resulting tension 
strength will increase by the same amount. I also understand that the optimum prestress 
level is defined in the field to be where a tension strength becomes comparable to a 
compression strength as the result of prestressing. In other words, the optimum 
prestress level is one half of the difference between the compression strength and the 
tension strength under non-prestressed condition. See generally EDWARD G. NAVVY, 
PRESTRESSED CONCRETE: A FUNDAMENTAL APPROACH 8-13 (1989). Based on the 
foregoing, I calculated the optimum prestress level for the foam glass tiles described in 
TABLE 1 of the present application and found it to be approximately 44% of the 
compression strength of the foam glass tile prior to being in the prestressed condition. 
For example, for a foam glass tile having a compression strength of 10,000 psi prior to 
being in a prestressed condition, the corresponding optimum prestress compression is 
approximately 4,400 psi; for the one having a compressional strength of 12,500 psi prior 
to being in a prestressed condition, the corresponding optimum prestress compression is 
approximately 5,500 psi, etc. 

21. As I concluded above, none of the references relied upon by the Examiner 
discloses the range of compression strength of a foam glass tile that reaches anywhere 
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near 10,000 psi. At best, the greatest amount of compression strength disclosed by the 
prior art is 8,000 psi, which is casually mentioned by the Williams '365 Patent, without 
any disclosure of how to go about achieving it, for an elongated tube, not a foam glass 
tile. For a foam glass tile having 8,000 psi, as I discussed above, the corresponding 
optimum prestress compression would be set at about 44% of 8,000 psi, or 3,500 psi. 
Based on the foregoing, I would expect that a prestress compression of 4,000 psi or 
greater would not be applied based on the compression strength disclosed by the prior 
art relied upon by the Examiner, including the Williams '365 Patent, as it would deviate 
from the optimum prestress level. 

22. I also do not find credible the claim by the Williams '365 Patent that the 
elongated tube having a length of up to 100 feet and a compression strength of up to 
8,000 psi should be readily available, which the Williams '365 Patent casually mentions 
without any support. See Williams '365 Patent, Col. 1, lines 14-25 and 36-38. Based on 
my long years of research experience and extensive knowledge in the field, such feat 
would be considered impossible even with today's foam glass technology, let alone in 
1978, the issue date of the Williams '365 Patent. In fact, I did not find in the description 
of six examples in the Williams '365 Patent any indication of the success of such feat. 

23. Based on my review and understanding of the Williams '365 Patent, I also 
find such claim by the Williams '365 Patent to be inconsistent with its later description of 
elongate foamed ceramic products made under the procedure it teaches. The elongate 
foamed ceramic product that the Williams '365 Patent teaches how to make has a 
cellular structure of closed, elongate bubbles with a diameter ranging from 0.01 mm to 1 
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cm and a length ranging from 2 mm to 5 cm. See Williams '365 Patent, Col. 2, lines 19- 
33. Based on my knowledge and experience in the field, while a small pore size by itself 
may not be a sufficient condition for a strong foam glass product (see also infra par. 25), 
it is a necessary condition and I doubt that a foam glass product having largest bubbles 
reaching 1 cm and 5 cm in diameter and length, respectively, could achieve a 
compression strength as high as 8,000 psi, let alone the claimed range of 10,000 psi or 
greater. I also note that none of the examples described by the Williams '365 Patent has 
an average pore size less than 1.0 mm. See, e.g., Williams '365 Patent, Col. 6, lines 62-63 
and Col. 8, lines 5-6. None of the examples provides any compression strength data, but 
based on the bubble sizes reported by the Williams '365 Patent, I doubt that any of the 
examples described in the Williams '365 Patent would be able to achieve a compression 
strength of 8,000 psi, let alone the claimed range of 10,000 psi and greater. 

24. Based on my review and understanding of the Jones '565 Patent, the Elmer 
'619 Patent and the Ford '937 Patent, I conclude that none of these references, either 
individually or in combination with any other cited prior art, teaches that their disclosed 
pore sizes lead to a foam glass product strong enough for the purpose of prestress 
compression within the claimed range of independent Claims 42 and 54 and their 
respective dependent claims. 

25. As shown in TABLE 1 of the present application and the incorporated '071 
Application (see supra Par. 19), the present application teaches a way in which foam 
glass tiles having a pore size of less than 1.0 mm are strong enough to have the claimed 
compression strength prior to prestressing and the claimed prestress compression 
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required by the pending claims. However, the small pore size is a necessary but not, by 
itself alone, sufficient condition for the strong foam glass tiles strong enough for 
application of the claimed prestress compression. For example, even if its average pore 
size is small, the foam glass material may still have a low compression strength if the 
pores are dense and highly interconnected. In fact, the Jones '565 Patent discloses such 
a foam glass article having 18% open cells indicating a high degree of 
interconnectedness and a small compression strength of 129.6 psi. Jones '565 Patent, 
Col. 8, lines 72-75. The Elmer '619 Patent also focuses on "interconnecting pores" as the 
defining characteristics of its foam glass article. Jones '565 Patent, Col. 2, line 7. The 
Ford '937 Patent discloses a cellulated glass product having the specific gravity of 0.14 to 
0.18, Ford '937 Patent, Col. 3, lines 22-24, which corresponds to a low density of 9 to 12 
PCF. Such a low density cannot lead to a foam glass product strong enough for the 
purpose of prestress compression within the claimed range of 4,000 psi and greater. 
Neither the Jones '565 Patent, nor the Elmer '619 Patent, nor the Ford '937 Patent 
teaches or even suggests that the disclosed pore sizes lead to a foam glass product strong 
enough for the purpose of prestress compression of 4,000 psi or greater as required by 
the pending claims. 

26. By way of comparison, the color photographs in FIGS. 1-3 below this 
paragraph show the cross sectional views of the un-prestressed foam glass tile samples 
made in accordance with the incorporated '071 Application. In fact, FIGS. 1-3 
correspond respectively to Examples 5-7 in TABLE 1 of the present application. Once the 
corresponding samples were made, they were cut to take the measurements of various 
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properties, revealing the cross sectional views shown in FIGS. 1-3. FIG. 1 corresponds to 
a foam glass tile of Example 5 having an average pore size of 0.8 mm. The measured 
compression strength of Example 5 is 10,500 psi. Similarly, Example 6 shown in FIG. 2 
has an average pore size of 0.6 mm. It achieves a compression strength of 12,500 psi. 
Example 7 shown in FIG. 3 has an average pore size of 0.3 mm and achieves a 
compression strength of 14,600 psi. All of these samples corresponding to FIGS. 1-3 are 
strong enough for a prestress compression within the claimed range of the pending 
claims (i.e., 4,000 psi or greater). 
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FIG. 2: Example 6 of Present Invention in TABLE 1 
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27. In summary, in my reading of the prior art references, at best, the Jones 

'565 Patent, the Elmer '619 Patent and the Ford '937 Patent merely teach that small 

pores can exist in foam glass materials. However, I did not find any teaching or even 

suggestion in any of these references that foam glass tiles made with small pore sizes in 

an appropriate manner can also have the compression and prestress strengths taught and 

claimed by in the present application. 



I hereby declare that all statements made herein of my own knowledge are true and that 
all statements made on information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful false statements and the 
like so made are punishable by fine or imprisonment, or both, under Section 1001 of 
Title 18 of the United States Code and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 
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